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ABSTRACT 
 
   
 Lakes constitute about 87% of the world’s freshwater and provide a number of 
valuable ecosystem services. However, changes in land use and the introduction of non-
native fishes often results in lake degradation through changes in habitat, water quality, and 
biotic structure. . To counteract these threats and improve lake ecosystems, natural resource 
agencies often invest considerable effort by manipulating watershed and in-lake process 
responsible for lake degradation. For example, the Iowa Lake Restoration Program began in 
2006 with the goal of improving water quality and biotic integrity across natural and 
constructed lakes. Since then, the Iowa Department of Natural Resources has worked with 
communities and other resource agencies to improve water quality and restore fish 
communities. Over the last decade, many improvements in water quality and fisheries have 
been observed due to these efforts. However, these observations are based largely on 
anecdotal evidence or individual water chemistry parameters that may provide inaccurate 
representations of overall lake condition and restoration success. Thus, to create a more 
holistic evaluation of previous restoration projects and inform future efforts, further analysis 
was needed on the interrelationships among water quality and the biological community 
before and after restoration. The objectives of this study were to evaluate water quality, 
phytoplankton, zooplankton and fish communities in 21 restored Iowa lakes pre- and post-
restoration. A Before-After-Control-Impact (BACI) system design was used to account for 
natural change associated with the spatial and temporal variability across restored lakes. 
Water clarity, indexed by Secchi depth, turbidity, suspended solids, and phosphorus, 
improved 1 year post restoration for in-lake (natural) and both treatments, but not for other 
treatments. Additionally, restoration had no detectable effect on phytoplankton or 
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zooplankton community composition, likely due to the myriad of other biotic and abiotic 
factors that can influence these populations. Changes in water clarity over post-restoration 
years were not correlated with the amount of sediment removed, shoreline riprapped, lake 
surface area, or the watershed: surface area ratio. However, water clarity was positively 
related to the change in largemouth bass abundance, but negatively related to the abundance 
of common carp and channel catfish.  Results of this study begin to elucidate possible trends 
related to restoration measures and add to our current knowledge on the interrelationships 
among water quality, fish assemblage, watershed, and lake characteristics. Second, I 
evaluated factors regulating bluegill population characteristics (relative abundance, size 
structure, and condition) among Iowa lakes. Bluegill are ubiquitous in systems across Iowa 
but populations are of varying quality. Bluegill are positioned in the middle of lake food 
webs, and subsequently are influenced by a suite of biotic and abiotic factors. Thus, bluegill 
can be used as an indicator of lake health. Bluegill relative abundance increased with 
largemouth bass relative abundance, watershed:lake surface area, and N:P ratio and 
decreased with turbidity. Bluegill size structure increased with channel catfish relative 
abundance and zooplankton density. Bluegill condition increased with largemouth bass 
relative abundance and common carp relative abundance, but decreased with largemouth bass 
size structure and lake depth. Relationships among bluegill and environmental characteristics 
can provide insight to managers regarding parameters to manipulate in order to improve 
these important panfish populations. Together, results from these chapters can be of 
significant use to resource managers when considering implications of restoration on native 
fish communities in the future. 
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CHAPTER 1.  INTRODUCTION 
 
Ecosystems are inherently dynamic in nature, changing through disturbance events or 
cyclical patterns (Duarte 1991). Variability in ecosystems may arise from a suite of natural and 
anthropogenic factors. The current challenge for restoration ecology is to understand acceptable 
levels of variability and to evaluate mechanisms of habitat resilience, degradation, and recovery 
(Duarte 1991; Palmer et al. 1997; White and Walker 1997). One concept that has long been 
thought to play an important role in understanding recovery and resilience of ecosystems is the 
alternative stable state hypothesis (Lewontin 1969; Scheffer et al. 1993; Beisner et al. 2003). 
This hypothesis has been used to describe how natural communities can represent stochastically 
determined alternate states through destabilizing transitions, positive feedbacks, and food web 
shifts (Scheffer et al. 2001). The alternative stable state hypothesis has been used to describe the 
dynamics of communities ranging from coral reefs to woodlands (Scheffer et al. 2001). 
However, one of the most dramatic and well-studied examples of state shifts has been 
documented in shallow-water lakes (Scheffer et al. 1997; Carpenter et al. 1999). Shallow lakes 
typically exist in one of two alternative stable states: very turbid, algae-dominated systems with 
little to no vegetation, or as clear water, macrophyte-dominated systems (Scheffer et al. 1997). 
These states are typically resistant to change and require large perturbations to force them to the 
alternative state. However, there is evidence that suggests destabilizing transitions, such as 
intensive in-lake restoration strategies, can immediately flip degraded lakes from a turbid-to 
clear-water state where, in conjunction with proper watershed management, they canbe 
maintained over time (Søndergaard et al. 2007; Cullum et al. 2010; LRP 2015).  
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Although lakes cover a small proportion of the earth’s surface area, they provide a 
disproportionate array of ecological and societal services (Costanza et al. 1997; Schallenber et al. 
2013). Ecosystem services refer broadly to the benefits derived from nature (MEA 2005). Lakes 
in good condition provide a range of ecosystem services including carbon sequestration, nutrient 
cycling, and wildlife habitat (Bergstrom et al. 1996; Postel and Carpenter 1997; Wilson and 
Carpenter 1999). Freshwater lakes also serve as an important natural resource for local 
municipalities through ground water supply and recreational use (Bergstrom et al. 1996). Despite 
the array of services they provide, lake ecosystems are among the most degraded systems on the 
planet (Carpenter et al. 2011). Anthropogenic alterations to freshwater ecosystems have 
accelerated over the last century due to unprecedented human population growth near these areas 
(Kummu et al. 2011). Responses to anthropogenic impacts are broad in scope, ranging from 
changes in physical-chemical characteristics, biotic structure, and ecosystem processes 
(Søndergaard and Jeppesen 2007). Freshwater ecosystems are particularly vulnerable and have 
been altered through habitat alteration, invasive species introductions, exploitation, pollution, 
and eutrophication (Ogutu-Ohwayo et al. 1997; Carpenter et al. 2011). Lake and water quality 
degradation commonly occurs due to dramatic landscape alterations and conversion of natural 
prairies and wetlands to row-crop agriculture, directly increasing sediment and nutrient loading 
into adjacent water supplies (Ergertson and Downing 2004). Increased loading into nearby 
waters have resulted in lake transitions from clear- to turbid-water stable states (Scheffer et al. 
2001; Arbuckle and Downing 2001; Folke et al. 2004). As a result of these alterations, water 
quality, species diversity and abundance declines, food webs are altered, and ecosystems lose 
much of their economic and ecological value (Folke et al. 2004; Carpenter et al. 2011). The 
degradation of some ecosystems have reached a critical point where natural recovery may not be 
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a viable option for restoration (D’Antonio and Chambers 2006). In such cases, the future 
recovery and resilience of these ecosystems will depend on the ability of researchers and 
managers to identify mechanisms of degradation, develop restoration strategies, goals, and 
evaluation methods that consider a broader scope than previously used. This means accounting 
for all areas of habitat quality and ecosystem structure and function when considering restoration 
efforts (Vander Zanden et al. 2006).  
The term restoration often encompasses a wide array of human interventions that may 
address internal or external factors degrading an ecosystem. These interventions are intended to 
produce a positive biological response in the system. The definition of restoration used by most 
resource agencies was put forth by the National Research Council (NRC 1992) as “returning a 
system to a close approximation of its condition prior to disturbance, with both the structure and 
function of the system recreated.” However, returning an aquatic system to its historical 
condition may require a variety of restoration techniques with a range of financial and logistical 
costs. Additionally, the inhibiting factor(s) to an ecosystem are sometimes not completely 
understood and restoration goals are poorly defined. Thus, evaluation of restoration success or 
failure is misleading due to the lack of knowledge and integration of vital ecosystem components 
such as habitat quality and community structure and function. The further advancement of 
restoration ecology is needed to elucidate factors degrading ecosystems, assess methods to 
reestablish biological integrity, and demonstrate ecosystem benefits of restoration to society 
(Falk et al. 2006). However, management of specific populations or habitats for the primary 
purpose of increasing human exploitation should not be considered a goal when planning 
restorations. For example, while increased abundance and size of sportfish is a valid fisheries 
management objective, it can be at odds with other objectives of ecosystem restoration, such as 
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the reestablishment of resilient community structure and function (Vander Zanden et al. 2006). 
Larger landscape-based approaches, which encompass a more complex set of management goals, 
allow for both ecosystem restoration and fisheries enhancement activities, but require a 
comprehensive perspective for restoration initiatives.  
Landscape alterations and subsequent lake impairments have particularly been common 
in Iowa since the mid-1800s. The use of rich prairie soils for farmland caused major land-use 
shifts towards agriculture. This trend has continued over time leading to nearly 90% of Iowa’s 
land area to be classified as either farmed or urbanized (Natural Resources Conservation Service 
2012). As a result of extensive land-use alternations, the majority of Iowa lakes are considered 
impaired or at risk and nutrient levels are among the highest in the world (Arbuckle and 
Downing 2001). Watershed restoration is often the first strategy implemented to improve long-
term water quality and lake condition. Committed local involvement and implementation of best 
management practices (BMP’s) can reduce sediment and nutrient losses by limiting erosion and 
run-off (in watersheds dominated by agriculture). These BMP’s involve changes in planting and 
tillage practices, and the use of wetlands, basins, and ponds to retain or otherwise control the 
movement of water, nutrients, and sediment. Effective watershed management also requires 
coordination of efforts among agencies, stakeholders, and residents, and the establishment of 
effective partnerships.  
Land-use change and watershed degradation are not the only forces causing impairment 
to lake ecosystems. Food web alterations through the introduction of invasive species can cause 
significant changes in food web structure and function through several pathways. Deleterious 
effects from the introduction of common carp (Cyprinus carpio) have been well documented 
throughout much of the world. Common carp are benthic feeders that suspend sediment and 
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uproot vegetation in the process of foraging for macroinvertebrates, resulting in an increase in 
turbidity (Parkos et al. 2003; Weber and Brown 2009). Increased turbidity leads to a subsequent 
decrease in photosynthesis and loss of vascular plant biomass, which exacerbates water quality 
issues. Like many successful invaders, common carp can reach high population densities once 
established and act as ecosystem engineers by regulating top-down and bottom-up processes 
(Weber and Brown 2009). Additionally, the presence of gizzard shad (Dorosoma cepedianum) 
has been shown to negatively affect water quality in lakes through both top-down predation on 
large bodied zooplankton and bottom-up effects through increased nutrient cycling (Drenner et 
al. 1986; Stein et al. 1995; Vanni et al. 2005). Thus, common carp and gizzard shad have the 
potential to shift lakes to a turbid state through changes in water quality and ecosystem structure 
and function. As a result, restoration efforts often incorporate methods to break this feedback 
mechanism by removing common carp and gizzard shad in order to return lakes to the clear-
water state.  
Large-scale approaches to restoration may require substantial funding, construction, and 
environmental impact consideration. However, the potential benefits stemming from such 
projects are worth the cost and complexities associated with their implementation. Reviews of 
past restorations have pointed to the absence of clearly defined goals and the lack of post-
restoration monitoring as major omissions in many restoration initiatives (Coen and Luckenbach 
2000; Ruiz-Jaen and Aide 2005). Establishing these criteria, conducting the necessary 
monitoring over multiple years and publication of results are fundamental necessities in the 
practice of restoration ecology (Falk 2006). The advancement of restoration ecology will rely on 
the knowledge of its practitioners, the availability of published findings on restorations, and the 
effective communication of such findings (Palmer et al. 1997).  
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 Water quality and lake habitat integrity across Iowa has been degraded to the point that 
restoration projects are needed to reverse many of the changes. Subsequently, legislative action 
was taken in 2006 to fund the Iowa Lake Restoration Program. Since then, the Iowa Department 
of Natural Resources (IDNR) and other resource agencies have been working together towards 
water quality improvements and restoration of native fish communities through a variety of 
methods. The lake restoration process typically begins in the watershed before moving to in-lake 
practices, such as dredging, shoreline stabilization, water draw-down, removal of nuisance 
species, addition of fish habitat structures, and fish stocking (LRP 2015). However, success in 
these ecosystem-wide efforts would benefit from a better understanding of restoration potential, 
benchmarks for success, and increased information on how water quality and fish communities 
change over time due to different restoration activities. Thus, to evaluate the impact of previous 
lake restoration activities and inform current management strategies, the objectives of this 
project were to: 1) assess ecosystem-wide differences pre- and post-lake restoration and 2) using 
bluegill population characteristics as an indicator of lake systems, examine the multiple factors 
regulating bluegill across Iowa, comparing alternative hypotheses driving their populations. To 
evaluate these objectives, I analyzed lake morphology, land-use characteristics, water quality, 
and biological community characteristics (fish, zooplankton, phytoplankton) through the IDNR 
Ambient Lake Water Quality Monitoring and Lake Restoration Programs. 
In 2009, a recreational use survey of Iowans found that “six out of ten residents visit 
Iowa lakes multiple times each year, spending nearly $1.6 billion annually, in pursuit of a variety 
of lake activities” (Iowa State University’s Center for Agriculture and Rural Development 2009). 
The most popular lake activity from this study was fishing followed by picnicking and wildlife 
watching, all of which are connected to lake habitat quality. This study evaluates the success of 
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lake restoration for improving water quality and biological assemblages in Iowa lakes. My 
research goals were to advance restoration ecology by using Iowa’s lakes as a model system to 
explore the recovery and sustainability of habitat areas strongly influenced by cultural 
eutrophication and food web alteration. This project also contributes to the existing Iowa Lake 
Restoration Program by comparing restored lakes to their pre-restoration condition in the context 
of paired reference systems. Additionally, this study evaluates relationships among bluegill and 
ecosystem characteristics, which can provide insight to managers regarding parameters to 
manipulate in order to improve these important panfish populations in future restoration efforts. 
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CHAPTER 2. EFFECTS OF RESTORATION STRAEGIES ON AQUATIC 
ECOSYSTEMS 
 
 
ABSTRACT 
Natural resource managers increasingly use ecosystem-based restoration for improving 
the physical, chemical, and biological condition of freshwater ecosystems. The Iowa Lake 
Restoration Program began in 2006 to improve water quality and biotic integrity of lakes across 
Iowa. Since the start of the program, many improvements in water quality and fisheries have 
been observed. However, current evaluation methods are based largely on anecdotal evidence or 
individual water chemistry parameters which may provide inaccurate representations of overall 
lake condition and restoration success. To more holistically evaluate previous restoration efforts, 
further analysis is needed on the interrelationships among land use, water quality, and the 
biological community before and after restoration. Therefore, the objectives of this study were to 
compare water quality and biological community structure pre-and post-lake restoration 
following in-lake (natural lakes), in-lake (constructed lakes), watershed, and both in-lake and 
watershead treatments. Results indicated that restoration efforts improved water clarity and 
altered the fish community towards a more desirable state by reducing the percent composition 
of undesirable species (e.g., common carp Cyprinus carpio, gizzard shad Dorosoma 
cepedianum). Water clarity, as indexed by Secchi depth, turbidity, suspended solids, and 
phosphorus, improved 1 year post restoration in in-lake (natural) and both treatments, but not in 
other systems. However, no detectable restoration effect was identified for phytoplankton or 
zooplankton community composition, likely due to the myriad of other biotic and abiotic factors 
that can influence these populations. Additionally, water clarity improvements were positively 
related to changes in largemouth bass abundance, and negatively related to changes in common 
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carp and channel catfish abundance. Lastly, no changes in water clarity over post-restoration 
years were correlated with the amount of sediment removed, shoreline riprapped, lake surface 
area, or the watershed: surface area ratio of these lakes. These findings demonstrate that natural 
lakes responded best to in-lake renovations in a short time (1-3 years) following restoration 
demonstrating that water clarity improvements were more successful in natural versus 
constructed lakes. This study further elucidates the benefits of restoration and identifies potential 
mechanisms of success for further evaluation. Result this study add to our current knowledge on 
the interrelationships among water quality, fish assemblage, watershed and lake characteristics 
and will help to improve future lake and fisheries management strategies related to restoration. 
 
Introduction 
 Lakes and the services they provide can be of significant ecological and economic 
importance (Costanza et al. 1997). However, the function and value of such ecosystems are 
increasingly compromised through external and internal degradation (Postel and Carpenter 1997; 
Wilson and Carpenter 1999). Eutrophication is one pervasive external factor degrading aquatic 
systems worldwide (Smith et al. 1999; U. S. EPA 2000). For lakes in highly populated or 
intensively cultivated areas, excessive phosphorous loading is the primary cause of 
eutrophication, although nitrogen may also play a role (Schindler 1977; Carpenter et al. 1998; 
Gonzalez Sagrario et al. 2005). Effects of eutrophication include shifts in phytoplankton to toxic 
bloom-forming species (green-blue algae), decreased water transparency, issues with odor and 
water treatment, oxygen depletion, and shifts in biotic community composition (Persson et al. 
1991; Smith 2003; Ergertson and Downing 2004). Thus, eutrophic and hypereutrophic lakes are 
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typically characterized by high nutrient concentrations and primary production, turbid water, and 
low value of ecosystem services (Carpenter et al. 1998). 
 Excess nutrient loading is not the only factor leading to the impairment of lake 
ecosystems. Internal components can have significant effects on ecosystem function and 
processes such as species composition, behaviors, and food web interactions (Shapiro and 
Wright 1984; Carpenter et al. 1985; Ergertson and Downing 2004). For example, benthivorous 
and detritivorous fishes such as common carp (Cyprinus carpio) and gizzard shad (Dorosoma 
cepedianum) can become highly abundant and increase eutrophication through internal nutrient 
cycling, physically uprooting aquatic macrophytes, and re-suspending sediment and nutrients 
(Cahn 1929; Crivelli 1983; Parkos et al. 2003; Driver et al. 2005; Vanni et al. 2005; Weber and 
Brown 2009). Additionally, common carp and gizzard shad can have strong indirect effects on 
other trophic groups (phytoplankton, zooplankton, planktivores, and piscivores), resulting in 
degraded ecosystem structure and function (Vanni et al. 2005; Jackson et al. 2010; Letvin 2013). 
Combined, internal and external factors can dictate lake state (either clear-water, macrophyte-
dominated lakes with abundant sight-feeding fish or turbid-water, or plankton-dominated lakes 
with abundant nuisance fish).  
 A large proportion of lakes in the U.S. are classified in the turbid, degraded state and 
labeled as impaired by the U.S EPA (2000). These lakes experience degraded water quality, 
reduced taxonomic diversity, and altered food webs. For many of these lakes, degradation is so 
severe that natural recovery may not be a feasible option to reach desirable goals of ecosystem 
recovery (D’Antonio and Chambers 2006). In such cases, large-scale restoration projects are 
implemented to “flip” lakes to a clear-water state and restore their value and function. Reducing 
external nutrient and sediment loading through watershed restoration is typically the primary 
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goal for resource managers (LRP 2015). Significant restoration efforts have been made to 
improve lake water quality by reducing external loading through improved watershed 
management practices, such as creating buffers, sediment ponds, and wetlands to prevent further 
loading (Cullum et al. 2010; Lizotte et al. 2014). However, lake restoration strategies are not 
limited to managing external factors. Once the control of external inputs is achieved, restoration 
efforts turn to in-lake work, such as limiting nutrient recycling and restoring structural and 
functional attributes. For example, biomanipulation of undesirable fish communities is a 
common restoration technique used by managers to restore lakes to a clear-water state through 
trophic cascades (Carpenter et al. 1985; Perrow et al. 1997; Drenner and Hambright 1999). Early 
recognition of the role top predators and trophic interactions have in lake ecosystems led to the 
use of piscivorous fish stocking as a common lake restoration method (Carpenter et al. 1985; 
Jeppesen et al. 1998). However, this method of top-predator addition may not be effective in 
restoring water quality when benthivorous fishes (i.e., common carp or gizzard shad) are present 
at high densities (Vanni et al. 2005). Instead, a more effective form of biomanipulation involves 
chemical (rotenone) treatment of the entire fishery (Marking 1992). The use rotenone is popular 
among managers for eliminating or reducing common carp and gizzard shad and increasing 
water quality (Schrage and Downing 2004; Godwin 2011; Flammang 2014). In conjunction with 
this method, preventative measures (e.g., fish barriers) are usually taken to reduce the likelihood 
of invasive re-introductions (LRP 2015). These removal and preventative measures combined 
can allow for complete fishery renovation and pairing with watershed renovations can 
successfully improve water quality and community structure and function long-term.  
 Restorations require clearly defined and measurable goals to be successful (Hobbs and 
Harris 2001). Traditional lake restoration goals have been primarily related to water quality and 
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community structure (e.g., Secchi depth >1.3m half of the time from April – September, a 
diverse biological community, safe water quality standards for public use; LRP 2015). However, 
restoration activities are seldom considered in the context of restoration outcome and restoration 
information on multiple lakes is rarely integrated to evaluate if some treatments are more 
successful than others. The historic lack of detailed restoration activity coupled with insufficient 
monitoring pre- and post-restoration make quantitative evaluations difficult. More recently, 
improved environmental monitoring, coupled with an increase in number of restoration 
activities, has provided opportunities for a more holistic approach to evaluate techniques and can 
lead to greater understanding of how and why these systems respond to restoration and 
potentially for how long. Therefore, the full integration of water quality, community structure, 
and details regarding restoration treatments will make evaluating techniques more useful to 
resource managers as a holistic evaluation. 
 Freshwater lakes and reservoirs across the Midwestern U.S. are often degraded and 
shifted to the turbid-water state. The need for improved water quality and lake habitat integrity 
across Iowa spurred legislative action in 2006 to fund the Iowa Lake Restoration Program. Since 
then, the Iowa Department of Natural Resources (IDNR) and other resource agencies have been 
working together towards broad-scale improvement of water quality and restoration of sport fish 
communities through a variety of methods (Larscheid et al. 2008). These restoration activities 
typically begin in the watershed before moving to in-lake methods such as dredging and fish 
removal (LRP 2015). However, the future success of these ecosystem-wide efforts would benefit 
from a better understanding of restoration potential, benchmarks for success, and how water 
quality and fish communities change over time due to specific restoration activities. Thus, the 
objective of this chapter is to integrate water quality, community structure, and restoration 
17 
	
	
	 	
activity data to evaluate lakes pre- and post- restoration. Results from this project will elucidate 
trends in restoration success or failure, inform future restoration strategies, and provide direction 
for long-term restoration evaluations. 
 
 
Methods 
Study sites 
Twenty-one natural and constructed lakes across Iowa underwent restoration projects 
between 2002-2013 (Appendix A). These systems were classified as eutrophic to hypereutrophic, 
ranged in surface area from 7 to 470 ha, were shallow (maximum depth 2.3-13.5m) and most had 
small watershed:lake area ratios (0.8-79). Restoration techniques were grouped into three major 
categories: in-lake (dredging, water level draw-down, fishery renovation, and habitat 
modification), watershed (dikes, terraces, sediment ponds, and wetland enhancement), and both 
(combination of in-lake and watershed restoration). In-lake restoration occurred in a combination 
of natural and constructed (i.e., man-made) lakes. These two types of water bodies have 
previously been shown to differ in their biotic and abiotic characteristics (Whittier et al. 2002) 
and were evaluated separately by splitting in-lake restoration into two treatment types: in-lake 
constructed and in-lake natural. Within each restoration category, lakes had varying degrees of 
restoration activity, including the amount of sediment dredged, shoreline riprap, riparian buffers, 
and sediment ponds. 
An additional 21 lakes that did not receive restoration were sampled and served as 
reference systems to evaluate changing lake conditions in restored site conditions that occurred 
as a result of restoration activities separate from changes occurring due to temporal 
18 
	
	
	 	
environmental variability.  Restored sites varied both spatially (across the state) and temporally 
(year restoration occurred; Appendix 1).  For these reasons, restored lakes were paired with 
“reference” lakes that were relatively close in size and spatial proximity. Reference lakes ranged 
in surface area from 7 to 421 ha, were shallow (maximum depth 1.1-15.4m), and had similar 
watershed:lake area ratios as restored lakes (2.6-110).  
 
Data collection 
 
     Water quality 
Water chemistry variables are often used for regulatory purposes, are of general interest 
to natural resource managers, and have been shown to act as abiotic indicators of fish 
communities (Fischer 2012; Meador and Goldstein 2003). As a part of the IDNR Ambient Lake 
Water Quality Monitoring Program (2000-2015), lakes in this study were sampled three times a 
year (May-August) using standardized collection methods (Bachman et al. 1980; American 
Public Health Association 1998; U.S. EPA 2007; Downing 2014). Sampling times were arranged 
to represent spring-early summer, mid-summer, and late summer-fall. This method has shown to 
offer adequate precision for the estimation of an annual mean for several important water quality 
parameters (Downing et al. 2006a). Samples were taken at a single site in each lake basin 
selected to represent the open-water zone (Bachmann et al. 1994; Downing et al. 2006b). 
Preceding sampling, turbidity (nephelometric turbidity units; NTU), specific conductance, total 
dissolved solids (TDS), pH, and temperature were determined using multi-parameter system 
(YSI, Yellow Springs Instruments). The discrete values reported were an average of the 
epilimnion profile values above the thermocline. If no thermocline was present, the values were 
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an average of the entire water column. Profile samples were also used to determine the depth of 
the lake prior to collecting mixed column samples (nutrients, chlorophyll a, suspended solids, 
and phytoplankton). Water transparency was measured in the field using a Secchi disk (Wetzel 
and Likens 2000).   
Water samples were analyzed in the laboratory for several chemical and biological 
parameters. Suspended solids samples were analyzed using the non-filterable residue method 
(American Public Health Association 1998) and the volatile residue EPA method 160.4. 
Combined, these methods were used to determine total, volatile, and inorganic suspended solids 
(TSS, VSS, ISS). Total alkalinity (TA) was measured with a Thermo Orion 950 Analytical 
Titrator using standard titration methods (American Public Health Association 1998). 
Chlorophyll a was measured by using a TD700 fluorometer following EPA method 445.0 (Arar 
and Collins 1997).  
 
     Plankton 
 Phytoplankton and zooplankton were collected as a part of the IDNR Ambient Lake 
Water Quality Monitoring Program (2000-2015) by vertically towing a Wisconsin net (63-µm 
mesh size) from the thermocline to the surface. If a thermocline did not exist, a sample was taken 
from approximately 0.5 m off the bottom of the lake to the surface or from a depth of 9 m to 
surface (American Public Health Association 1998). Once collected, phytoplankton samples 
were stored in amber polypropylene bottles and preserved with Lugol’s solution (American 
Public Health Association 1998). Zooplankton samples were preserved with a 5% Formalin 
solution and stored for laboratory analyses.  
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In the lab, phytoplankton samples were concentrated, sub-sampled, and examined using a 
Leitz DM IL inverted microscope at 200x power (American Public Health Association 1998). 
Phytoplankton were identified to genus, counted, and measured. Simple geometric model 
formulae were used to calculate the biovolume per liter (Findenegg 1974; Hillebrand et al. 1999) 
that was converted to wet mass per liter using a 1:1 ratio (Sournia 1978). Zooplankton samples 
were concentrated, sub-sampled, and examined under a Nikon SMZ 1500 Stereoscopic Zoom 
Microscope and photographed using a Qimaging Retiga 2000R Digital Still Camera at 96x 
power. Zooplankton were identified, counted, measured, and length-weight regressions were 
used to calculate the dry mass per liter (Dumont et al. 1975; Ruttner-Kolisko 1977). Finally, 
percent composition of zooplankton were calculated from the total zooplankton dry mass and 
used for further analysis of the zooplankton community. 
 
     Fishes 
Pulsed-DC spring electrofishing was used to sample fishes at least once in the period 
before and after restoration. Electrofishing output was standardized at 2,750-3,250 W (Burkhardt 
and Gutreuter 1995l; Miranda and Boxrucker 2009; Miranda 2009) and conducted with 5-minute 
runs, parallel to the shoreline, using two netters (6.3-mm delta mesh dipnets). Between 2 and 6 
electrofishing runs were completed for each lake based on lake surface area.  All fishes were 
identified, enumerated, and measured for length and weight. Catch-per-unit-effort (CPUE) was 
used as an index of relative abundance and calculated as the mean number individuals caught per 
hour of electrofishing. CPUE was then used to calculate the percent composition of each species 
and was used in principal component analysis of the fish community.  
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Analyses 
   
     Principal component analysis 
Water quality variables were log transformed to normalize the variances whereas phytoplankton 
wet mass, zooplankton dry mass, and fish CPUE data were log(x+1) transformed to allow for the 
inclusion of zero values. Relationships among variables within a category (i.e., water quality, 
phytoplankton, zooplankton, and fish) were explored with Pearson correlation coefficients. As 
expected, many of the parameters were inter-related and yield redundant information. To reduce 
the dimensions of this analysis and account for multi-collinearity among response variables, 
variables within water quality, phytoplankton, zooplankton, and fish categories were reduced 
into a smaller set of unrelated variables using principal component analyses (PCA; Johnson 
1998). Prior to PCA, phytoplankton, zooplankton, and fish abundance were transformed into 
percent composition for each species or group in order to get a representation of how these 
communities were structured. PCA was used to analyze water quality (Secchi depth, specific 
conductivity, turbidity, chlorophyll a, pH, alkalinity, inorganic, volatile, and total suspended 
solids), phytoplankton percent composition (bacillariophyta, chlorophyta, chrysophyta, 
cryptophyta, cyanobacteria, dinophyta, euglenophyta, and haptophyta), zooplankton percent 
composition (cladocera, copepod, nauplii, and reotifera), and fish percent composition (black 
bullhead [Ameiurus melas], crappies [Pomoxis spp.], bluegill [Lepomis macrochirus], channel 
catfish [Ictalurus punctatus], common carp, gizzard shad, largemouth bass [Micropterus 
salmoides], walleye [Sander vitreus], yellow bass [Morone mississippiensis], and yellow perch 
[Perca flavescens]). In all PCAs, axes with eigenvalues >1.0 (Kaiser criterion) were interpreted 
and retained for further analyses (Kaiser 1960; Johnson 1998). The retained component scores 
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from each lakes occurred as repeated measures by time (year). Thus, each lake yielded a 
principal component score for each year (Appendix B-E) and the changes in these component 
scores from year-to-year were evaluated using a linear mixed model. 
 
     Mixed model 
Pairs of reference and restored lakes were treated as blocks to account for the spatial 
variability associated with natural phenomena (e.g., weather) that can result in changes to biotic 
and abiotic characteristics. To account for temporal variability due to systematic environmental 
difference across years, time (year) was standardized into the variable ‘status’ for which there 
were four levels: pre-, year 1 post-, year 2 post-, and year 3 post-restoration. Pre-restoration 
values were measured for three years prior to restoration and averaged to serve as baseline 
condition for comparisons with post-restoration years. Additionally, the purpose of each 
restoration project can be different, targeting alternative sources of ecosystem degradation. Thus, 
each lake was assigned a non-random treatment of which five levels existed: reference, in-lake 
(constructed) restoration, in-lake (natural) restoration, watershed restoration, and both in-lake 
and watershed restoration. This approach allowed for comparisons of relative change in 
ecosystem parameters between reference and restored sites, pre- and post- restoration and among 
restoration techniques (in-lake, watershed, and both). Not pooling post-restoration years together 
allowed for comparisons of year-to-year variability following treatments. This information was 
of interest because the magnitude and pattern of change could vary with treatment levels. 
 Observations from multiple lakes taken during the same year are likely to be correlated. 
Thus, a mixed linear model was used to account for correlations between observations within the 
same lake as well as between observations taken during the same year. Additionally, mixed 
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models operate using estimation techniques that allow for and work well with missing data and 
unbalanced data. The retained principal components for water quality, phytoplankton, 
zooplankton, and fishes were treated as response variables and analyzed via the mixed model 
approach using the PROC MIXED procedure in SAS 9.4 (SAS Inc.). The selected model 
included lake status (4 levels: pre, post 1, post 2, and post 3), treatment (5  levels: reference, in-
lake natural and constructed, both, watershed), and their interaction as fixed effects. Year, block, 
block × treatment interaction, and block × treatment × status interaction were treated as random 
effects. This model provided a more conservative version of a paired Before/After and 
Control/Impact (BACI) design, popularized by Stewart-Oden et al. (1986). The general form of 
this model is as follows: !"#$% = 	( + *" +	+# + (*+)"# + .% + /$ + (*/)"$ + (*+/)"#$ + 0"#$% 
where !"#$% is the principal component score for treatment 1 in status 2 in block 3 in year 4, ( is 
the intercept, *" is the estimated coefficient for the fixed effects of status on the principal 
component score, +# is the estimated coefficient of the fixed effects of treatment on the principal 
component score, *+ "# is the interaction effect, .% is the random “year effect,” /$ is the random 
“block effect”, (*/)"$ is the random effects of the block and treatment interaction, (*+/)"#$ is 
the random effects of the block, treatment, and status interaction, and errors (0"#$%) are assumed 
to independent and 0"#$% ∼ 6 0, 9: .  
 In assigning the components of the statistical model as either fixed or random, guidelines 
were followed presented in Milliken and Johnson (2009) and Gbur et al. (2012). Using this 
model, retained principal components were treated as the response variable and the MIXED 
procedure in SAS was used to determine least square means. The Kenward-Roger degrees of 
freedom (df) option was used to estimate denominator df for all tests of hypotheses. Inspection of 
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residual plots did not reveal any deviations from homoscedasticity or normality. Estimates, 
standard error, and p-values were obtained by likelihood ratio tests. In this design, particular 
interest lies in the interaction (treatment x status), which, if significant, indicates a difference 
between treatments in how they vary from before to after restoration. Separate contrasts were 
evaluated for the interaction terms between each restoration type and reference. P-values ≤ 0.05 
were considered significant, p-values between 0.051 and 0.099 were considered trends, and p-
values ≥ 0.100 were considered not significant. Last, correlation analyses were used to examine 
relationships between levels of restoration (dredging and shoreline stabilization) and water 
quality PC1 changes between years pre- and post-restoration. This same approach was used to 
investigate relationships between lake morphometry (lake surface area) and watershed size 
(watershed: surface area ratio). Finally, correlations were used to evaluate relationships between 
changes in water quality and fish community from before- to after- restoration. 
 
Results 
Principal component analysis interpretations 
 Water quality characteristics were typically associated with one another and PCA was 
useful in simplifying these characteristics. Water quality principal component 1 (PC1), an index 
of water clarity, explained 46% of the variation in the water quality PCA. Secchi depth had a 
high positive loading on water quality PC1 whereas total phosphorus, turbidity, chlorophyll a, 
and suspended solids (volatile, inorganic, and total) had high negative component loadings 
(Table 1). Specific conductivity and alkalinity had high negative component loadings on water 
quality PC2 that explained an additional 19% of the variation. Water quality PC3 explained an 
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additional 11% of the variance, increased with chlorophyll a and pH, and decreased with 
inorganic suspended solids. 
 Phytoplankton and zooplankton biomass parameters were generally correlated and PCA 
was again useful in reducing these parameters into a few meaningful components. 
Bacillariophyta, chlorophyta, cryptophyta, and euglenophyta percent composition had highly 
positive loadings whereas cyanobacteria had a negative loading on phytoplankton PC1, that 
explained 30% of the variation in the phytoplankton PCA (Table 1). Phytoplankton PC2 
increased with haptophyta, decreased with euglenophyta, and explained an additional 14% of the 
variance. Phytoplankton PC3 explained an additional 13% of the variance associated with the 
PCA, increased with bacillariophyta, and decreased with chrysophyta and dinophyta. 
Zooplankton PC1 increased with cladocera and decreased with copepoda, nauplii, and rotifera 
percent composition, and explained 52% of the variance associated with the PCA (Table 1).  
Zooplankton PC2 increased with nauplii and rotifera and decreased with copepoda percent 
composition and explained an additional 36% of the variance. 
  Finally, PCA was used to reduce fish community composition into meaningful 
components. Fish PC1 increased with largemouth bass, decreased with channel catfish, common 
carp, crappie, yellow bass, and yellow perch percent composition, and explained 24% of the 
variance associated in the PCA (Table 1). Fish PC2 increased with bluegill and crappie, 
decreased with largemouth bass and explained an additional 16% of the variance. Fish PC3 
increased with black bullhead, decreased with common carp, yellow bass, and yellow perch, and 
explained an additional 11% of the variance. Finally, fish PC4 increased with walleye, decreased 
with gizzard shad, and explained an additional 10% of the variance. 
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Effects of restoration - Mixed model - BACI design 
 
     Water quality 
 Water quality PC scores typically varied through time more in restored than reference 
sites, exhibiting short-term fluctuations from before to after restoration (Figure 1). Water quality 
PC1 varied among treatment, status, and their interaction (Table 2). However, interaction terms 
were not significant for water quality PC2 or PC3. Water quality PC1 did not significantly differ 
pre- versus post-restoration for reference (t = -0.96, P = 0.34), in-lake (constructed; t = -0.25, P 
= 0.80), or watershed (t = 1.25, P = 0.22) treatments, whereas they were higher following both (t 
= 2.36, P = 0.02) and in-lake (natural; t = 5.08, P < 0.0001) restoration (treatments (Figure 1A). 
Additionally, pre- and post-restoration water quality PC2 scores did not differ across treatments 
(Figure 1B). Water quality PC3 scores generally increased from pre- to post-restoration for 
watershed (t = 1.95, P = 0.06) and reference treatments (t = 2.00, P = 0.05), whereas no 
significant differences were detected for both (t = 1.22, P = 0.23), in-lake (constructed; t = 1.51, 
P = 0.13), and in-lake (natural) treatments (t = 0.77, P = 0.45; Figure 1C). 
 
     Phytoplankton 
 The interaction term (treatment × status) was not significant for phytoplankton PC1, 
PC2, or PC3 (Table 2). However, in-lake (constructed) phytoplankton PC1 significantly 
increased from pre-restoration values to year 3 post-restoration (t = 3.39, P = 0.0009); reference 
systems were generally higher than pre-restoration values for year 1 post (t = 2.10, P = 0.04) and 
year 2 post-restoration (t = 1.76, P = 0.08; Figure 2A). Additionally, there were no significant 
changes in overall pre- versus post-restoration phytoplankton PC2 scores, but there was an 
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increase between pre-restoration and year 1 post-restoration values for the watershed treatment (t 
= 2.19, P = 0.03; Figure 2B). Similarly, watershed treatments generally had decreasing 
phytoplankton PC3 scores between pre- and year 1 post-restoration (t = -2.01, P = 0.05), while 
in-lake (constructed) increased from pre- to post-restoration (t = 2.13, P = 0.05; Figure 2C). 
 
     Zooplankton 
 Zooplankton PC1 and PC2 scores were evaluated pre- and post-restoration across 
treatments; however, neither interaction term was significant (Table 2), suggesting that temporal 
changes in zooplankton biomass were unrelated to restoration. Although, zooplankton PC1 was 
significantly different pre- versus post-restoration for both treatments (t = 1.99, P = 0.05), no 
changes were detected for reference (t = 1.25, P = 0.22), in-lake (constructed; t = 0.97, P = 0.34), 
in-lake (natural; t = 0.65, P = 0.52), or watershed treatments (t = -0.03, P = 0.98; Figure 3A). 
Zooplankton PC2 significantly decreased from pre- to post-restoration for in-lake (constructed) 
treatments (t = -2.41, P = 0.02), whereas no changes were detected pre- versus post-restoration 
for both (t = 0.60, P = 0.55), reference (t = -0.08, P = 0.94), watershed (t = 0.22, P = 0.83), and 
in-lake (natural) treatments (t = 1.62, P = 0.11; Figure 3B).  
 
     Fishes 
 Due to a lack of annual fish data across all years pre- and post-restoration, fish PCs were 
evaluated for simple pre- and post-restoration changes. The interaction term was significant for 
fish PC1 and PC4 (Table 2), indicating changes in these component scores were likely due to 
restoration efforts. Fish PC1 scores increased following both (t = 4.20, P = 0.0005) and in-lake 
constructed treatments (t = 2.42, P = 0.03), whereas no changes were detected for reference (t = 
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0.44, P = 0.67) and watershed treatments (t = 0.92, P = 0.37; Figure 4A). Fish PC2 scores were 
lower post-restoration for the both treatment (t = -3.28, P = 0.009), while no changes were 
detected pre- versus post-restoration for reference (t = -0.81, P = 0.43), in-lake (constructed; t = -
0.49, P = 0.64), and watershed treatments (t = -0.05, P = 0.96; Figure 4B). Contrasts of fish PC3 
revealed no differences between pre- and post-restoration values for reference (t = -0.61, P = 
0.55), in-lake (constructed; t = -0.98, P = 0.34), watershed (t = 0.51, P = 0.62), or both 
treatments (t = -0.30, P = 0.77; Figure 4C). Fish PC4 scores generally increased following 
watershed treatments (t = 1.99, P = 0.05), decreased following both treatments (t = -1.61, P = 
0.11), and did not change following reference (t = -0.38, P = 0.71) and in-lake constructed 
treatments (t = -0.46, P = 0.65; Figure 4D). 
 
Correlations 
 Changes in water quality PC1 over post-restoration years was not correlated with the 
amount of sediment removed (Figures 6A-C) or shoreline riprap (Figure 6D-F). However, water 
clarity in five of the seven dredged lakes increased in water clarity in year 1 (Figure 6A) and six 
lakes showed positive shifts in water clarity by year 3 post-restoration (Figure 6C). Additionally, 
the observed changes in water quality PC1 appeared to be unrelated to lake surface area (Figures 
7A-C) and watershed: surface area ratio (Figures 7D-E). Correlations between the relative 
abundance change in fishes and change in water quality PC1 (post-pre) revealed a few 
meaningful patterns. Water quality PC1 was negatively correlated with increases in common 
carp (Figure 8A) and channel catfish relative abundance (Figure 8B). In contrast, water quality 
PC1 was positively correlated with the change in largemouth relative abundance (Figure 8C), but 
was not correlated with changes in black bullhead (Figure 8D), bluegill (Figure 8E), crappie 
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(Figure 8F), gizzard shad (Figure 8G), yellow bass (Figure 8H), or yellow perch relative 
abundance (Figure 8I).  
 
Discussion 
 Water quality, phytoplankton, zooplankton, and fish generally changed following in-lake, 
watershed, and both restoration. However, when using a short-term BACI approach, the majority 
of these changes were not statistically different after spatially and temporally pairing restored 
with reference systems. Thus, observed improvements could not be attributed solely to 
restoration activity. Temporal fluctuations in reference systems were typically less variable 
across all principal components when compared to restored sites, indicating that restoration 
potentially resulted in greater shifts in the biotic and abiotic parameters of these lakes.  
 Lake restoration is often conducted with the goal of increasing water quality (Heiskary et 
al. 1987; Guo 2007; Larscheid et al. 2008). Thus, monitoring water quality pre- and post-
restoration is a crucial component of proper evaluation. Specifically, a major goal of the Iowa 
lake restoration program is to improve water transparency (LRP 2015). Therefore, water clarity 
was expected to improve following restoration. These results demonstrate that water clarity 
(water quality PC1) increased for watershed and both treatments and the interaction term was 
significant for this component, indicating the improvements can be attributed to restoration 
efforts. However, further analysis of the change in water quality indicated a possible short-term 
effect of restoration whereby PC1 scores quickly returned to pre-restoration values in year 2 and 
3 post-restoration. These results corroborate previous work documenting short-lived, positive 
effects of in-lake treatments on water clarity (Søndergaard et al. 2007; Schrage and Downing 
2004). Increases in water quality following watershed restoration is likely due to the focused 
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attention on reducing sediment and nutrient loading into these lakes, leading to a decrease in 
turbidity, suspended solids, and chlorophyll a, resulting in increased water clarity. This 
observation supports previous work that demonstrate watershed best management practices 
(BMPs) can illicit positive changes in water quality (Cullum et al. 2010; Lizotte et al. 2014). In-
lake restoration can involve a variety of activities but most commonly include dredging, 
shoreline stabilization, and fishery renovation (Gulati and Donk 2002). Results from this study 
support previous work that found decreasing trends in suspended solids and chlorophyll a 
following dredging (Zhang et al. 2010). Further, results indicate no relationships between 
amount of shoreline stabilization and water clarity. However, water clarity typically increased 
following in-lake restoration, suggesting that other in-lake measures (e.g., fishery renovation) 
may be driving improvements in water clarity. 
Results from this study collaborate previous work documenting short-term (<5 year) 
improvements in water clarity following fishery renovation (Schrage and Downing 2004; Prejs et 
al. 2010). Common carp, crappie, and gizzard shad were significantly reduced following in-lake 
renovations. Additionally, water clarity tended to increase with increases in largemouth bass and 
decreases in common carp and channel catfish relative abundance. Channel catfish abundance 
appeared to have a larger effect on water clarity compared to abundance of any other fish. 
Channel catfish are omnivorous and will eat a variety of bottom-dwelling organisms (Bailey and 
Harrison 1948; Hill et al. 1995). Little information is available regarding potential effects of 
channel catfish on water quality. At high densities, channel catfish benthic foraging can re-
suspend sediment and increase total phosphorus concentrations (Parkos et al. 2003). Thus, 
channel catfish may be contributing towards reduced water clarity in these systems but additional 
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work should evaluate these potential effects and mechanisms of channel catfish in small 
impoundments more directly.  
Largemouth bass percent composition was positively related to water clarity. This 
relationship may be explained by the trophic cascade hypothesis whereby increases in 
piscivorous fishes (largemouth bass) decrease zooplanktivorous fishes (bluegill and crappie), 
increasing zooplankton biomass, decreasing phytoplankton biomass, and promoting clear-water 
states (Carpenter et al. 1985; Prejs et al 2010). However, I found no relationship between bluegill 
or crappie abundance and water clarity. Thus, the lack of relationship between zooplanktivorous 
fishes and water clarity indicate that largemouth bass abundance may have increased because of 
improved water clarity instead of causing it. These results were similar to others that document 
reductions of common carp abundance can improve water clarity (Schrage and Downing 2004; 
Weber and Brown 2009). Common carp promote turbid-water states through benthic foraging, 
sediment and nutrient re-suspension, and excretion (Parkos et al. 2003; Driver et al. 2005; Vanni 
et al. 2005). In addition to common carp, gizzard shad were targeted for removal from these 
systems due to their negative direct and indirect effects on fish communities, zooplankton, 
phytoplankton, and water quality (Dettmers and Stein 1992; Vanni 1995; Schaus and Vanni 
2000). Gizzard shad are capable of consuming large amounts of zooplankton, causing the release 
of phytoplankton from predatory control (Vanni et al. 2005). Additionally, gizzard shad excrete 
large amounts of nitrogen and phosphorous that can increase phytoplankton biomass through 
bottom-up process (Schaus and Vanni 2000; Watson et al. 2003). Thus, both top-down and 
bottom-up effects of gizzard shad can decrease water transparency (Dettmers and Stein 1996; 
Schaus et al. 1997; Schaus and Vanni 2000). However, gizzard shad abundance was not related 
to indices of water quality in these lakes. Gizzard shad were only present in four lakes and the 
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range of their abundance may not have been enough to detect a negative relationship with water 
quality. 
 Green phytoplankton biomass and total zooplankton biomass fluctuated widely in lakes 
that received watershed and in-lake restoration. Green phytoplankton biomass decreased 
drastically between year 1 and year 2 post-restoration for lakes that received watershed and in-
lake restoration. Conversely, total zooplankton biomass increased between these same years, 
indicating the reduction in phytoplankton biomass following restoration may be due to 
zooplankton grazing. This inference supports previous studies that identified increased 
zooplankton grazing following planktivorous fish removal resulted in phytoplankton biomass 
reductions and increasing water clarity (Schrage and Downing 2004; Prejs et al. 2010). In this 
case, manipulation of the food-web through fish removal allows the abundance of large-bodied 
zooplankton (Daphnia and Bosmina) to increase. These efficient filter-feeders are able to rapidly 
graze algae and reduce its biomass (De Bernardi and Giussani 1990; Søndergaard et al. 1990; 
Matveev et al. 1994).  
Fishery renovation is a common ecological management tool aimed at increasing water 
clarity by manipulating fish biomass (Hrbacek et al. 1961; Perrow et al. 1997; Drenner and 
Hambright 1999). Lakes targeted for restoration typically had a greater relative abundance of 
undesirable species such as common carp, black bullhead, and yellow bass before restoration 
compared to reference lakes. After renovation, abundance of these fishes was reduced to similar 
levels found in reference lakes, although, the interaction term was not significant suggesting 
these changes could not be attributed solely to restoration. However, the decline of common 
carp, crappie, and gizzard shad relative to reference systems indicates that in-lake restoration was 
successful at reducing abundance of these fishes. Subsequently, the reduction in common carp 
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abundance was related to improvements in water quality. Restoration measures that involve 
fishery renovation often include the targeted removal of common carp or gizzard shad from these 
systems (Schrage and Downing 2004; Larscheid et al. 2008; Flammang 2014). Fishery 
renovation can successfully remove or reduce undesirable fish species and restore fish 
communities to historic conditions (Schrage and Downing 2004; Flammang 2014). However, the 
longevity of these effects remains unclear and will largely depend on how successful 
preventative measures (e.g., fish barriers, public education) are at reducing the likelihood of 
invasive re-introductions. Despite the well-documented negative effects of gizzard shad on sport 
fishes, including reduced growth and size structure of bluegill (Aday et al. 2003), anglers often 
re-introduce gizzard shad into restored systems, believing they will improve angling for popular 
species such as largemouth bass (Flammang 2014). Although gizzard shad introductions can 
briefly improve largemouth bass populations by increasing food availability (DeVries and Stein. 
1990), these results are not sustainable when gizzard shad density is allowed to increase un-
checked (Dettmers and Stein 1996). Therefore, lake managers’ ability to prevent intentional and 
accidental re-introductions of undesirable fishes through regulations and education may help 
prolong the success of these very costly and time-intensive fishery renovations.  
 In the U.S. alone, billions of dollars are spent each year restoring ecosystems 
(Cunningham 2002). Consequently, restoration evaluation is widely viewed as a critical 
component of any restoration project (Palmer et al. 2005; Chapman and Underwood 2010). Yet, 
many limitations prevent resource managers from obtaining and interpreting results from lake 
restoration projects (Søndergaard et al. 2007). First, lake restoration involves a large portion of 
trial and error, whereby mechanisms for a successful restoration remain largely unclarified 
(Carpenter et al. 2001). Second, lake restorations are typically conducted with the goal of 
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improving water quality and are not often designed as ecosystem-scale scientific experiments 
(Mahner et al. 2002). Thus, a single restoration project will often include the implementation of 
multiple restoration activities either simultaneously or sequentially, which can make it difficult 
to elucidate the effects of individual activities (Søndergaard et al. 2007). Additionally, lake 
ecosystems will invariably respond differently to restoration and attempting to elucidate patterns 
of change among systems will likely require greater detail of restoration techniques (e.g., 
biomass of fish removed, ha of wetlands created or restored, percent nutrient reduction 
associated with watershed structures) than classifying between in-lake, watershed, and both 
treatments. Third, many restoration projects, particularly those involving in-lake treatments such 
as dredging and fishery renovation, are often conducted repeatedly at different time intervals, 
which makes it difficult to define and compare pre- and post-conditions (Søndergaard et al. 
2007). Fourth, large inter-annual variation of lake characteristics, such as nutrient availability 
and macrophyte density, demand long-term studies to determine the true effects of the restoration 
measure, as these characteristics can fundamentally influence a number of lake parameters 
(Jeppensen et al. 1997). Therefore, further research is needed to address these barriers to 
restoration evaluation and address both the short- and long-term effects of common restoration 
activities on the development of a diverse, balanced, and sustainable aquatic community.  
 In summary, marked improvements in ecosystems can be achieved using different 
restoration techniques. However, long-term effects of restoration are difficult to measure and 
quantify (Palmer et al. 1997). Additionally, due to the long history of degradation in these 
systems, it may be unrealistic to expect immediate and long-lasting shifts back to a clear-water 
state. Many negative perturbations (e.g., sediment and nutrient loading, invasive introductions) 
have shifted these systems to the turbid-water state and therefore, it may take an equal effort of 
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positive measures to reverse these changes (Scheffer and Carpenter 2003). In some cases, lake 
restoration is unlikely to achieve immediate results and may need to be conducted on a regular 
basis to induce and maintain positive effects (Søndergaard et al. 2007). However, the type, 
magnitude, and interval of restoration activities required to induce and maintain changes will 
further investigation. Therefore, lake restoration in nutrient-rich lakes, such as those included in 
this study, should continue to be perceived as a management tool rather than a “one and done” 
solution. Additionally, future studies investigating lake restoration projects should continue 
examining mechanisms stabilizing the clear-water state, which could be low biomass of 
benthivorous fishes, reduced sediment and nutrient input, and stable macrophyte coverage. As 
such, restoration efforts would best be spent focusing on these process oriented goals which will 
increase the likelihood of achieving sustainable improvements in water clarity, diverse biological 
communities, and safe water quality for public use. 
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Table 1. Principle component (PC) loadings for lake water quality, phytoplankton, zooplankton, 
and fish parameters from forty-six (twenty-three reference, twenty-three restored) Iowa lakes. 
Eigenvalues and percent variance explained by each axis are denoted at the end of each category. 
Loadings are only presented for components retained within each variable category based on 
eigenvalue >1.0. Loadings > |0.3| are in bold. 
Category Variable estimated PC1 PC2 PC3 PC4 
Water quality      
 Total phosphorus -0.33 0.10 0.11  
 Secchi disk depth 0.40 -0.10 0.15  
 Specific conductivity -0.09 -0.68 -0.10  
 Turbidity -0.35 0.16 -0.16  
 Chlorophyll a -0.31 -0.01 0.44  
 pH -0.14 0.01 0.75  
 Alkalinity -0.09 -0.69 0.00  
 Inorganic suspended solids -0.37 0.07 -0.37  
 Volatile suspended solids -0.38 0.09 0.11  
 Total suspended solids -0.44 0.01 -0.13  
 Eigenvalue 4.61 1.89 1.23  
 Percent variance 46 19 12  
      
Phytoplankton      
 Bacillariophyta 0.40 -0.09 0.31  
 Chlorophyta 0.41 0.03 0.21  
 Chrysophyta 0.10 0.22 -0.62  
 Cryptophyta 0.35 -0.25 -0.12  
 Cyanobacteria -0.61 -0.28 0.02  
 Dinophyta 0.26 -0.08 -0.62  
 Euglenophyta 0.33 -0.33 0.19  
 Haptophyta 0.05 0.83 0.17  
 Eigenvalue 2.39 1.15 1.07  
 Percent variance 30 14 13  
      
Zooplankton      
 Cladocera 0.67 0.20   
 Copepoda -0.50 -0.56   
 Nauplii -0.45 0.49   
 Rotifera -0.31 0.63   
 Eigenvalue 2.10 1.45   
 Percent variance 52 36   
      
Fish      
 Black bullhead  -0.22 -0.27 0.58 -0.17 
 Bluegill  0.24 0.62 0.11 0.08 
 Channel catfish  -0.37 0.09 0.21 0.14 
 Common carp  -0.46 -0.18 -0.30 -0.02 
 Crappie  -0.36 0.35 0.12 0.16 
 Gizzard shad  -0.08 0.08 -0.07 -0.87 
 Largemouth bass  0.46 -0.50 -0.04 -0.01 
 Walleye  -0.03 -0.28 0.07 0.40 
 Yellow bass  -0.44 -0.17 -0.37 0.04 
 Yellow perch  -0.44 -0.14 -0.60 -0.06 
 Eigenvalue 2.41 1.56 1.15 1.04 
 Percent variance 24 16 12 10 
		
	 	
 
Table 2. BACI results evaluating the effects of treatment (reference, in-lake (constructed), in-lake (natural), watershed, and both 
treatments), status (pre- or 1, 2, or 3 years post-restoration) and their interaction on water quality, phytoplankton, zooplankton, and 
fish principal components (PC).  A significant interaction term indicates a change in the response variable as a result of the treatment. 
 
 
 Treatment  Status  Treatment x Status  
Variable DF F P  DF F P  DF F P  
Water quality PC1 4, 27.1 2.71 0.05  3, 116 5.92 0.0009  12, 108 3.01 0.001  
Water quality PC2 4, 22.1 1.56 0.22  3,105 0.58 0.63  12, 99.4 1.39 0.18  
Water quality PC3 4, 39.3 0.46 0.77  3, 124 2.90 0.04  12, 115 1.12 0.36  
Phytoplankton PC1 4, 37.8 2.00 0.12  3, 163 1.46 0.23  12, 180 1.46 0.14  
Phytoplankton PC2 4, 26.3 0.40 0.80  3, 105 0.97 0.41  12, 105 1.02 0.44  
Phytoplankton PC3 4, 35.8 0.38 0.82  3, 44.5 0.28 0.84  12, 55.2 0.88 0.57  
Zooplankton PC1 4, 41.9 1.91 0.13  3, 189 1.13 0.34  12, 172 0.82 0.63  
Zooplankton PC2 4, 34.0 0.36 0.83  3, 108 1.15 0.94  12, 118 0.45 0.94  
Fish PC1 4, 18.6 1.30 0.31  1, 26.8 16.06 0.0004  3, 16 4.82 0.01  
Fish PC2 4, 18.7 1.54 0.23  1, 9.26 5.39 0.05  3, 10.1 2.50 0.12  
Fish PC3 4, 27.3 0.25 0.91  1, 20.3 0.46 0.51  3, 18 0.42 0.74  
Fish PC4 4, 66.2 2.35 0.06  1, 70.4 0.01 0.91  3, 63.7 2.37 0.08  
46 
47 
	
	 	
 
 
 
Figure 1. Mean (± 1 standard error) water quality PC1 (A), PC2 (B), and PC3 (C) scores in 
reference, in-lake (constructed), in-lake (natural), watershed, and both treatment lakes. Values 
shown are a three-year average before restoration occurred (pre) and each year after restoration 
(1-, 2-, 3-years post). 
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Figure 2. Mean (± 1 standard error) phytoplankton PC1 (A), PC2 (B), and PC3 (C) scores in 
reference, in-lake (constructed), in-lake (natural), watershed, and both treatment lakes. Values 
shown are a three-year average before restoration occurred (pre) and each year after restoration 
(1-, 2-, 3-years post).  
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Figure 3. Mean (± 1 standard error) zooplankton PC1 (A) and PC2 (B) scores in reference, in-
lake (constructed), in-lake (natural), watershed, and both treatment lakes. Values shown are a 
three-year average before restoration occurred (pre) and each year after restoration (1-, 2-, 3- 
years post). 
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Figure 4. Mean (± 1 standard error) fish PC1 (A), PC2 (B), PC3 (C), and PC4 (D) scores in 
reference, in-lake (constructed), watershed, and both treatment lakes. Pre-restoration fish data 
were not available for in-lake (natural) treatments.  Values shown are a three-year average before 
restoration occurred (pre) and each year after restoration (1-, 2-, 3-years post).  
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Figure 5. Relationships between amount of sediment removed through dredging (left) and 
amount of shoreline riprap added (right; standardized by lake surface area;  versus the difference 
in water quality PC1 between pre-restoration value and 1- (A), 2- (B), and 3-years (C) post-
restoration. 
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Figure 6.  Relationships between lake surface area (left) and watershed: surface area ratio (right) 
versus the difference in water quality PC1 for 1- (A), 2- (B), and 3-years (C) post-restoration in 
reference, in-lake (constructed), in-lake (natural), watershed, and both treatment lakes. 
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Figure 7. Pre- to post-restoration change in water quality PC1 versus pre- to post change in 
relative abundance (catch-per-unit-effort; CPUE) of common carp (A), channel catfish (B), 
largemouth bass (C), black bullhead (D), bluegill (E), crappie (F), gizzard shad (G), yellow bass 
(H), and yellow perch (I).  
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CHAPTER 3. FACTORS REGULATING BLUEGILL ABUNDANCE AND SIZE 
STRUCTURE IN IOWA LAKES 
Abstract 
Bluegill (Lepomis macrochirus) is a common inhabitant of freshwater systems across 
many parts of the world and is the most abundant member of the sunfish member in Iowa. Their 
broad geographical distribution and intermediate trophic level expose bluegill to a range of 
conditions and allow populations to be influenced by a suite of biotic and abiotic factors that can 
result in a wide array of population characteristics. Fifty lakes and reservoirs across Iowa were 
sampled to investigate relationships between bluegill relative abundance with size structure and 
condition. I also investigated biotic factors (food availability, predator abundance, and human 
pressure) and abiotic factors (water quality, lake morphometry, and watershed characteristics) 
that broadly influence bluegill populations. Bluegill relative abundance was not related to 
bluegill size structure or condition. Instead, variation in bluegill abundance increased with 
largemouth bass (Micropterus salmoides) abundance, watershed:lake surface area, and N:P ratio 
and decreased with turbidity. Additionally, bluegill size structure increased with channel catfish 
(Ictalurus punctatus) abundance and food availability, whereas condition increased with 
largemouth bass abundance and common carp (Cyprinus carpio) abundance, but decreased with 
largemouth bass size structure and lake depth. Application of the knowledge of factors associated 
with variation in bluegill populations among Iowa lakes can provide insights toward 
management of these commonly caught, and highly sought after, species in Iowa. 
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Introduction 
The relationships among bluegill population characteristics (abundance, size structure, 
and condition) and dynamics (recruitment, growth, and mortality), community structure, and 
environmental conditions have been evaluated (e.g., Gerking 1962; Belk and Hales 1993; 
Paukert and Willis 2002), debated, and poorly understood for decades (e.g., Tomcko and Pierce 
2001; Cross and McInerny 2005). Two of the biggest concerns in bluegill management are size 
and abundance. These two characteristics are generally inversely related, where bluegill size 
structure, determined by growth rates, declines with increasing abundance due to intraspecific 
competition (Gerking 1962; Wiener and Hanneman 1982; Middlebach 1988). However, bluegill 
can exhibit low abundance, slow growth, and small size structure in some water bodies 
(Schneider 1999) while other systems are capable of sustaining “quality” bluegill populations of 
high relative abundance, size structure, condition, and growth (Paukert and Willis 2002). 
Understanding mechanisms resulting in these alternate scenarios remains crucial for proper 
bluegill and food web management. 
Multiple factors acting upon different spatial scales have been cited as influential in 
regulating bluegill populations. Broadly, variations in physical-chemical properties among lakes 
and watersheds have been associated with bluegill quality. For example, bluegill growth and size 
structure have been correlated with water temperature (Tomcko and Pierce 1997), Secchi depth 
(Snow and Staggs 1994), lake depth (Tomcko and Pierce 2001) and alkalinity (Jackson and 
Brown-Peterson 1997). These studies suggest bluegill are able to feed and grow more effectively 
in productive, clear, and warm water systems compared to unproductive, turbid, and cold water 
systems. However, these environmental variables are not the only parameters hypothesized to 
influence bluegill. 
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In addition to the many hypotheses regarding broad-scale abiotic factors influencing 
bluegill, localized biotic factors may also have important effects, but under what environmental 
conditions these factors play a major role remains unclear. Theiling (1990) evaluated both biotic 
and landscape-scale factors influencing bluegill populations and found that biotic factors 
explained the majority of variation in bluegill quality whereas physical-chemical lake factors 
were unrelated to bluegill quality. Bluegill can be influenced by many biotic factors such as 
submerged vegetation cover (Trebitz et al. 1997; Paukert et al. 2002), food availability (Belk 
1993; Turner and Mittelbach 1990), intraspecific competition (Paukert and Willis 2000), species 
interactions (Osenberg et al. 1994; Aday et al. 2005), and predation (Belk and Hales 1993; Snow 
and Staggs 1994; Aday et al. 2005).The concept of a “top-down,” predator driven food web 
structure has increased in popularity, especially regarding bluegill populations (Mittelbach 
1981), and has been used extensively as a management tool to improve everything from 
population size structure (e.g., Belk 1993) to water quality (e.g., Carpenter et al. 1985). 
Additionally, presence or absence of benthivorous and detritivorous fishes can indirectly 
influence bluegill populations through various pathways. Species such as common carp 
(Cyprinus carpio) and gizzard shad (Dorosoma cepedianum) are a concern for lake managers 
due to their impacts on water quality and community structure (Drenner et al. 1996; Stein et al. 
1995; Parkos et al. 2005) and can indirectly influence bluegill by altering water quality, 
vegetation, and food availability (Vanni et al. 2005).  
Bluegill quality can be regulated not only from different abiotic conditions, as determined 
by lake morphometry, water quality, and temperature, but also from biotic factors such as food 
availability, habitat, and species interactions (Tomcko and Pierce 2001). However, these factors 
are rarely evaluated concurrently to determine the relative importance of one versus the other. 
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Thus, a more holistic approach for evaluating bluegill populations is needed so that biologists 
can make informed management decisions to increase bluegill quality in these lakes. The 
objectives of this study are to evaluate the relative importance of abiotic and biotic factors on 
bluegill population characteristics and dynamics. This type of analysis is a necessary component 
in the development towards maximizing our understanding and management of bluegill 
populations. 
 
Methods 
Study sites 
Fifty natural lakes and reservoirs were sampled in Iowa during 2005-2010 to compile a 
robust temporal and spatial dataset. These systems are generally classified as eutrophic to 
hypereutrophic lakes. Lakes ranged in surface area from 11 to 1162 ha, were semi-shallow 
(maximum depth 3.0-15.8 m), and largely littoral (mean depth 1.5-7.2 m; Table 1). Secchi depth 
was variable (0.3-2.9 m), and chlorophyll a ranged from 6.0-94.1 µg/L. Forty-seven of the 50 
lakes contained bluegill whereas 48 lakes contained largemouth bass. Black bullhead (Ameiurus 
melas) were present in 13 lakes, black crappie (Pomoxis nigromaculatus) in 38, channel catfish 
(Ictalurus punctatus) in 29, common carp (Cyprinus carpio) in 14, and gizzard shad (Dorosoma 
cepedianum) in 4 lakes. Current land use throughout Iowa is primarily row crop agriculture 
(Table 1).  
 
Data collection 
The Iowa Department of Natural Resources (IDNR) Ambient Lake Water Quality 
Monitoring Program sampled water quality parameters in each lake three times a year (May-
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August) using standard collection and processing methods (Bachman et al. 1980; APHA 1998; 
U.S. EPA 2007; Downing 2014). Water quality variables such as turbidity (nephelometric 
turbidity units; NTU), specific conductance, total dissolved solids (TDS), pH, and temperature 
were measured in the field using a multi-parameter system (YSI, Yellow Springs Instruments). 
Secchi depth was measured in the field to determine water transparency (Wetzel and Likens 
2000). Water samples were also collected in the field and brought back to the laboratory to 
measure total phosphorus (TP). Samples were analyzed using a Seal Analytical AQ2 Discrete 
Analyzer following standard methods (U.S. EPA 1993). Suspended solids were analyzed using 
the non-filterable residue method (APHA 1998) and the volatile residue EPA method 160.4. 
Combined, these methods were used to determine total, volatile, and inorganic suspended solids 
(TSS, VSS, ISS). Chlorophyll a was measured using a TD700 fluorometer following EPA 
method 445.0 (Arar and Collins 1997). In addition to water chemistry variables, lake and 
watershed characteristics such as lake depth and land-use were measured and recorded by the 
IDNR Ambient Lake Water Quality and Vegetation Programs. 
 Zooplankton samples were also collected as a part of the IDNR Ambient Lake Water 
Quality Monitoring Program. Zooplankton were collected by vertically towing of a Wisconsin 
net (63-µm mesh size) using standardized protocols for depth and speed (APHA 1998). Once 
collected, zooplankton samples were preserved with a 5% Formalin solution and stored for 
laboratory analyses. In the lab, zooplankton samples were concentrated, sub-sampled, and 
examined under a Nikon SMZ 1500 Stereoscopic Zoom Microscope and photographed using a 
Qimaging Retiga 2000R Digital Still Camera at 96x power. Zooplankton were identified to 
family, counted, and measured. In order to quantify zooplankton biomass, length-weight 
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regressions were used to calculate the dry mass per liter (Dumont et al. 1975; Ruttner-Kolisko 
1977). 
 Fishes (black bullhead, black crappie, bluegill, channel catfish, common carp, and 
largemouth bass) were sampled during the spring or summer using pulsed-DC boat 
electrofishing. Electrofishing output was standardized at 2,750-3,250 W (Burkhardt and 
Gutreuter 1995l; Miranda and Boxrucker 2009; Miranda 2009). Boat electrofishing was 
conducted with 5-minute runs, parallel to the shoreline, using two netters (6.3-mm delta mesh 
dipnets). Between 2 and 6 transects were completed per lake, with number of transects increasing 
with lake surface area. Catch-per-unit-effort (CPUE) was calculated as the mean number 
individuals captured per hour of electrofishing for each species.  
 
Analysis 
Lake morphometry, water quality, county population, zooplankton, land use, and bluegill 
condition variables were log transformed to normalize the variances. All fish CPUE and size 
structure data were log(x+1) transformed to allow for the inclusion of zero values. Relationships 
among bluegill CPUE and PSD, PSD-P, and Wr were assessed with Pearson correlation 
coefficients. Due to zero values for bluegill CPUE in three lakes, the number of lakes available 
for Wr comparison was 47. A Bonferroni correction factor was used to adjust the alpha level to 
control for family-wise error rates and to reduce the possibility of spurious correlations (α = 
0.05/4 = 0.0125). To reduce the dimensions of this analysis and account for potential multi-
collinearity among predictor variables, lake morphometry, water quality, land use, and 
zooplankton variables were reduced into a smaller set of unrelated variables using principal 
component analysis (PCA; Johnson 1998). PCA was used to analyze water quality (Secchi depth, 
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chlorophyll a, turbidity, total and volatile suspended solids, total nitrogen:total phosphorus ratio), 
lake morphometry (surface area, mean and maximum depth, watershed:lake surface area ratio), 
land use (deciduous forest, grassland, Conservation Reserve Program (CRP) land, alfalfa, winter 
wheat, lush grass, corn, soybean, roads, commercial industrial, residential), and zooplankton 
(Bosmina, Chydorus, cyclopoida, Daphnia, total zooplankton biomass) groups. In all PCAs, axes 
with eigenvalues >1.0 were interpreted and retained for further analyses. 
Akaike’s information criterion (AIC) was used to evaluate all possible model 
combinations including water quality, lake morphometry, land use, zooplankton, and fishes to 
describe bluegill characteristics. Based on these models, I estimated parameters and residual 
sums of squares that were used to calculate AIC, AICc values (AIC corrected for small sample 
size), and ΔAICc for each model (Burnham and Anderson 1998). Models were judged based on 
ΔAICc values (Burnham and Anderson 1998) and Akaike model weights (wi) were calculated to 
interpret relative likelihood of a given model. Additionally, variable weights (wv; the sum of 
Akaike weights over models that included a particular variable) were also calculated to 
determine the relative importance of each variable in the set.  
 
Results 
Bluegill populations in Iowa exhibited variable abundance, size structure, and condition 
(Table 1). Bluegill electrofishing CPUE ranged from 0 to 113. Despite a wide range in relative 
abundance, size structure indices were generally moderate to low. PSD ranged from 0 to 100 
with a median of 52 whereas PSD-P also ranged from 0 to 100, but with a median of 2. Bluegill 
condition was high across systems with mean Wr values >90 and only seven populations 
exhibited a mean Wr <100.  
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Lakes in this study displayed a range of water quality, lake morphometry, land use and 
zooplankton characteristics (Table 1). Secchi depth in these lakes ranged from 0.3 to 2.9 m and 
chlorophyll a ranged from 6 to 94 µg/L. Lakes in this study were typically productive, eutrophic 
systems with total phosphorus ranging from 23 to 279 µg/L while TN:TP varied between 7 and 
312. Surface area of study lakes varied from 11 to 1162 ha whereas maximum depth ranged from 
3.0 to 15.8 m. Land use surrounding study lakes was commonly dominated by agriculture. Corn 
and soybean fields each ranged from 0 to 52% cover of the watershed area, whereas forests, 
grasslands, CRP, alfala, winter wheat, lush grass, roads, and commercial industrial land cover 
each averaged >12% of the watershed (Table 1). Zooplankton biomass was highly variable with 
total zooplankton biomass ranging from 23 to 1416 µg/L, Bosmina from 0 to 560 µg/L, Chydorus 
from 0 to 80 µg/L, cyclopoida from 0 to 196, and Daphnia from 0 to 647 µg/L. 
 Correlation among bluegill population characteristics revealed that bluegill abundance 
was not related to size structure indices [PSD (r = 0.12, P = 0.48), PSD-P (r = -0.21, P = 0.17)] 
or condition (Wr; r = -0.02, P = 0.92). As expected, bluegill PSD was positively related to PSD-P 
(r = 0.55, P < 0.0001) and condition ((r = 0.31, P = 0.03). However, no significant relationship 
was detected between Wr and PSD-P (r = 0.20, P = 0.18).  
Water quality, lake morphometry, land use, and zooplankton parameters were generally 
intra-related and PCA was useful in simplifying these characteristics. Water quality PC1 
explained 57% of the variance associated in the water quality PCA and increased with 
chlorophyll a, phosphorus, turbidity, total suspended solids, and volatile suspended solids, but 
decreased with Secchi depth and total nitrogen:total phosphorus ratio. Water quality PC2 
explained an additional 15% of the variance and increased with total nitrogen:phosphorus ratio 
and chlorophyll a but decreased with turbidity.  
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PCA using lake morphometry characteristics yielded two retained components based on 
eigenvalues. Mean and maximum lake depth component loadings were highly positive on lake 
morphometry PC1 that explained 47% of the variation in the lake morphometry PCA (Table 2). 
Watershed:surface area ratio component loading was highly positive and lake surface area had a 
high negative component loading on lake morphometry PC2 that explained an additional 28% of 
the variation.  
 Land use PCA reduced the initial nine parameters in this category into three meaningful 
components. Land use PC1 explained 52% of the variance and increased with soybean and corn 
cover and decreased with percent cover of forest (Table 2). Grazed grasslands, CRP, alfalfa, 
winter wheat, and lush grass exhibited high negative component loadings on land use PC2 that 
explained an additional 14% of the variance. Land use PC3 increased with roads, industrial, and 
residential infrastructure, decreased with forest cover, and explained an additional 11% of the 
variance. 
 PCA on zooplankton biomass yielded three retainable components. Zooplankton PC1 
decreased with Bosmina, cyclopoida, Daphnia, and total zooplankton biomass and explained 
62% of the variance associated with the zooplankton PCA (Table 2). Zooplankton PC2 explained 
21% of the variance and increased with Bosmina and decreased with Daphnia. Finally, 
zooplankton PC3 explained an additional 9% of the variance, decreased with Bosmina and 
Chydorus, and increased with cyclopoida. 
 Among the possible models used to explain variation in bluegill abundance, the additive 
model that included largemouth bass relative abundance, water quality PC2, lake morphometry 
PC2, and land use PC3 yielded the lowest AICc value (Table 3), indicating the highest support as 
the best model given the data. Bluegill relative abundance increased with largemouth bass 
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relative abundance (95% confidence limits of slope = 0.75 to 1.02; Figure 1) and lake 
morphometry PC2 (95% confidence limits of slope = 0.02 to 0.32). Additionally, bluegill relative 
abundance decreased with water quality PC2 (95% confidence limits of slope = -0.36 to -0.06), 
whereas the slope of land use PC3 did not differ from zero (95% confidence limits of slope = -
0.03 to 0.30). From all possible model combinations, the top 10 models received substantial 
support (ΔAICc < 2; Table 3). However, based on Akaike model weights, the top 10 models 
appeared quite similar to one another and received low weight scores (wi range: 0.021-0.008). 
Thus, Akaike variable weights (wv) were used to evaluate the importance of individual variables 
because these models were so competitive with one another. Of the variables examined, 
largemouth bass relative abundance appeared in all of the top models and exhibited the highest 
variable weight (wv = 1.0; Table 4), suggesting it had the most influential on bluegill relative 
abundance. Following largemouth bass relative abundance, the next highest variable weights 
came from water quality PC2 (wv = 0.99), lake morphometry PC2 (wv = 0.95), and land use PC3 
(wv = 0.48). All other variables yielded low weights (wv < 0.25) and were not considered 
influential to bluegill relative abundance.  
 Among the possible models used to explain variation in bluegill size structure, the 
additive model that included channel catfish relative abundance and zooplankton PC3 yielded the 
lowest AICc value and largest model weight (Table 3), indicating the highest support as the best 
model given these data. Bluegill size structure increased with channel catfish relative abundance 
(95% confidence limits of slope = 0.03 to 0.47; Figure 2), whereas the slope of zooplankton PC3 
did not differ from zero (95% confidence limits of slope = -0.47 to 0.02). From all possible 
model combinations, the top 13 models received substantial support (ΔAICc < 2). However, these 
models appeared quite similar to one another and received low weight scores (wi range: 0.021-
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0.008). Thus, Akaike variable weights (wv) were used to evaluate the importance of individual 
variables because these models were so competitive with one another. Of the variables 
examined, channel catfish relative abundance exhibited the highest variable weight (wv = 0.74; 
Table 4) and was most influential on bluegill size structure. In comparison, zooplankton PC3 
exhibited lower weight (wv = 0.46) whereas all other variables yielded smaller weights (wv < 
0.27), indicating low influence on bluegill size structure. 
Among the possible models used to explain variation in bluegill condition, the additive 
model that included largemouth bass relative abundance and size structure, common carp relative 
abundance, lake morphometry PC1, and land use PC2 yielded the lowest AICc value (Table 3), 
indicating the highest support as the best model given these data. Bluegill condition increased 
with largemouth bass relative abundance (95% confidence limits of slope = 0.01 to 0.08; Figure 
3) and common carp relative abundance (95% confidence limits of slope = 0.02 to 0.06). 
Additionally, bluegill condition decreased with largemouth bass size structure (95% confidence 
limits of slope = -0.06 to -0.004) and lake morphometry PC1 (95% confidence limits of -0.03 to -
0.001), but did not change with land use PC2 (95% confidence limits of slope = -0.04 to 0.01). 
From all possible model combinations, the top 33 models received substantial support (ΔAICc < 
2). However, using Akaike model weights, the top 10 models appeared quite similar to one 
another and received low weight scores (wi range: 0.021-0.008). Thus, Akaike variable weights 
(wv) were used to evaluate the importance of individual variables because these models were 
highly competitive with one another. Of the variables examined, largemouth bass relative 
abundance appeared in all of the top models and exhibited the highest Akaike variable weight 
(wv = 1.0; Table 4). Common carp relative abundance exhibited the second highest variable 
weight (wv = 0.79), followed by largemouth bass size structure (wv = 0.65) and lake 
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morphometry PC1 (wv = 0.61). In comparison, the remaining variables received low weights (wv 
< 0.46). 
 
Discussion 
My results suggest that bluegill condition and size structure were not density-dependent, 
but instead were more related to other environmental factors. These results are similar to other 
studies that lack evidence of density-dependence for bluegill in Minnesota and Nebraska lakes 
(Tomcko 1997;Paukert et al. 2002). Lack of density-dependence could be due to small variance 
of population characteristics or hyper-eutrophic state of the systems included in this study. 
Research focusing on small impoundments with high bluegill biomass typically observed 
populations with low size structure (PSD < 20) and reduced growth, supporting the concept of 
density-dependent bluegill growth (Novinger and Legler 1978; Weiner and Hannenman 1982; 
Guy and Willis 1990). 
Of the abiotic factors examined, my results indicate that bluegill abundance and condition 
are best explained by water quality, lake morphometry, and land use characteristics. Bluegill 
abundance increased with watershed:lake area ratio and water clarity, whereas bluegill condition 
decreased with lake depth. However, no abiotic factors were deemed important determinants of 
bluegill size structure. These results contrast with previous work in Minnesota and Nebraska 
lakes where bluegill growth and size structure appeared to increase with Secchi depth (Snow and 
Staggs 1994; Tomcko and Pierce 2001). 
In addition to abiotic factors, my results suggest that several biotic factors are related to 
bluegill population characteristics in Iowa lakes. Bluegill abundance, size stricture, and condition 
were associated with abundance and size structure of other fishes. Largemouth bass appear to 
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play an integral role in structuring bluegill populations in Iowa lakes. Largemouth bass 
abundance was positively related to bluegill abundance and condition,  and  negatively related to 
largemouth bass size structure. These results are possibly due to the hyper-eutrophic state of 
these lakes allowing for greater bottom-up than top-down control. I also identified a positive 
relationship between bluegill size structure and channel catfish relative abundance. These results 
are consistent with previous work that suggests that at high densities channel catfish may 
negatively affect bluegill size structure and growth by reducing prey abundance (Mitzner and 
Middendorf 1976; Michaletz 2006). Although not significant, bluegill size structure tended to 
increase with increasing zooplankton biomass, particularly Bosmina, and Chydorus, but other 
studies have suggested that Chydorus and Daphnia are a common food source for bluegills in the 
littoral zone (Mittelback 1988; Klammer 2002). Thus food availability in the form of large 
zooplankton is likely an important factor to consider when managing bluegill size structure 
moving forward.  
Although increased common carp abundance may have negative effects on fishes, 
including bluegill (Wolfe et al. 2009), common carp abundance was positively related to bluegill 
condition  in these systems. Although common carp were not found in any of the top models, 
previous studies have demonstrated  many negative effects from high common carp and gizzard 
shad densities (Dettmers and Stein 1992; Vanni 1995; Schaus and Vanni 2000). For example, 
bluegill growth and size structure have been found to decrease with increased gizzard shad 
density, suggesting gizzard shad outcompete bluegill for open-water food in addition to 
promoting turbid-water states (Vanni 2000; Aday et al. 2003). However, a caveat to my results 
investigating these relationships is that only a small number of lakes (4 of the 50 lakes had 
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gizzard shad, 14 of 50 lakes had common carp) containing these species were included for this 
study.. 
Although this study explored an array of factors, other environmental parameters may 
also influence bluegill populations but were not measured . For example, harvest can influence 
fish populations directly and indirectly. Angler removal of the largest fish would be expected to 
cause a decrease in the average size of the remaining fish (Coble 1988; Rypel 2015). More 
problematic is the potential indirect effect of harvest on individual life histories and genetics. For 
bluegill, harvest of the largest individuals could alleviate the social influence on smaller males, 
freeing them to mature early and remain small (Jennings et al. 1997; Aday 2008). Although 
harvest has been shown to influence bluegill size structure (Rypel 2015), the results appear to be 
somewhat dependent on lake types. For example, , the success of harvest regulations for bluegill 
in Nebraska lakes depended on individual lake characteristics (Porath and Hurley 
2005).Vegetation density in another factor that is expected to influence bluegill populations but 
was not evaluated in this study. Previous studies suggested that increased submergent vegetation 
can impede predation by largemouth bass, reduce food consumption, and result in density-
dependent growth of bluegill (Crowder and Cooper 1979; Trebitz et al. 1997; Pothoven et al 
1999). However, other studies have shown submergent vegetation coverage may not be 
detrimental to bluegill populations in some water bodies when harvest is low and the food supply 
is not limiting due to vegetation type and percent coverage (Schneider 1999). 
Although other studies have clearly indicated the importance of individual factors in 
specific populations, I used the information theoretical approach to examine the relative 
importance of biotic and abiotic factors that can influence bluegill abundance, condition, and size 
structure in a single construct. Concurrent with previous work, this research points to the positive 
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correlation between predator abundance, water clarity, lake morphometry , and bluegill 
population characteristics across Iowa lakes. Because fisheries management is often species-
specific, the information gained from this type of approach can be particularly useful in 
identifying management strategies, providing insights into population fluctuations and, 
establishing reasonable management goals for the future. In this study, several factors were 
identified that can be regulating bluegill populations in shallow eutrophic systems. The 
parameters I identified can be used to better manage bluegill by integrating these into broader 
ecosystem-level restoration and conservation practices.  
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Table 1. Mean, standard error, median, minimum, and maximum values for fish, water quality, lake 
morphometry, land use, and zooplankton parameters sampled in Iowa lakes 2008-2010. CPUE - 
catch per unit effort (number of fish per hour of electrofishing); PSD - proportional size distribution; 
PSD-P - proportional size distribution of preferred-length bluegill; Wr, relative weight. 
Category Variable Mean Standard Error Median Min. Max. 
Fish       
 Black bullhead CPUE 5 2 0 0 104 
 Black crappie CPUE 12 2 3 0 61 
 Bluegill CPUE 38 4 33 0 113 
 Channel catfish CPUE 4 1 1 0 39 
 Common carp CPUE 5 2 0 0 71 
 Largemouth bass CPUE 53 5 49 0 137 
 Bluegill PSD 52 4 50 0 100 
 Bluegill PSD-P 12 3 2 0 100 
 Largemouth bass PSD 54 3 55 0 100 
 Bluegill Wr 107 1 106 91 130 
Water quality       
 Secchi depth (m) 1.2 0.1 1.1 0.3 2.9 
 Chlorophyll a (µg/L) 41 3 34 6 94 
 Total phosphorus (µg/L) 85 8 70 23 279 
 Turbidity (NTU) 25 3 15 4 124 
 Total suspended solids (mg/L) 13 1 12 4 34 
 TN:TP ratio 51 9 27 7 312 
 Volatile suspended solids (mg/L) 9 1 8 2.0 24 
Lake morphometry       
 Surface area (ha) 185 401 62 11 1162 
 Maximum depth (m) 7.5 0.5 7.0 3.0 15.8 
 Mean depth (m) 3.2 0.2 3.0 1.5 7.2 
 Watershed:lake surface area  34 5 25 2 187 
Land use        
 Deciduous forest (%) 12 2 8 0 78 
 Grasslands (%) 9 1 7 1 26 
 CRP (%) 8 1 5 0 36 
 Alfalfa winter lush grass (%) 3 0 2 0 17 
 Corn (%) 20 2 17 0 52 
 Soybean (%) 18 2 17 0 52 
 Roads (%) 3 0 2 0 17 
 Commercial industrial (%) 1 0 0 0 13 
 Residential (%) 2 0 1 0 17 
Zooplankton       
 Bosmina (µg/L) 52 16 2 0 560 
 Chydorus (µg/L) 2 2 0 0 80 
 Cyclopoida (µg/L) 36 6 17 2 196 
 Daphnia (µg/L) 76 16 33 0 647 
 Total zooplankton (µg/L) 225 36 130 23 1416 
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Table 2. Principle component loadings for lake water quality, lake morphometry, land use, and 
zooplankton parameters across 50 Iowa lakes. Eigenvalues and percent variance explained by 
each axis are denoted at the end of each category. Loadings are only presented for components 
retained within each variable category based on eigenvalue >1.0.  Loadings > |0.3| are in bold. 
Category Variable estimated PC1 PC2 PC3 
Water quality     
 Secchi disk depth -0.84 0.15  
 Chlorophyll a 0.79 0.31  
 Phosphorus 0.81 0.27  
 Turbidity 0.46 -0.66  
 Total suspended solids 0.90 0.03  
 Total nitrogen: phosphorus -0.41 0.60  
 Volatile suspended solids 0.89 0.21  
 Eigenvalue 3.99 1.03  
 Percent variance 57 15  
     
Lake morphometry     
 Surface area 0.23 -0.73  
 Maximum depth 0.95 0.03  
 Mean depth 0.95 -0.02  
 Watershed:surface area 0.21 0.75  
 Eigenvalue 1.9 1.10  
 Percent variance 47 28  
     
Land use     
 Deciduous forest -0.40 0.07 -0.43 
 Grazed grasslands -0.24 -0.51 0.10 
 CRP -0.28 -0.56 -0.01 
 Alfalfa, winter wheat, lush grass -0.07 -0.37 0.22 
 Corn 0.52 0.02 0.11 
 Soybeans 0.53 -0.25 0.06 
 Roads -0.16 0.07 0.51 
 Commercial industrial -0.14 0.21 0.49 
 Residential -0.12 0.14 0.44 
 Eigenvalue 1.41 1.01 0.95 
 Percent variance 52 14 11 
     
Zooplankton     
 Bosmina -0.78 0.38 -0.43 
 Chydorus -0.09 -0.09 -0.39 
 Cyclopoida -0.32 0.23 0.77 
 Daphnia -0.39 -0.67 0.12 
 Total zooplankton -0.36 -0.12 0.24 
 Eigenvalue 1.58 1.21 0.97 
 Percent variance 62 21 9 
 	
	 	
Table 3. Ranking of top models (ΔAICc < 2) to evaluate variation in bluegill abundance (CPUE), size structure(PSD), and condition (Wr) across 50 Iowa lakes. 
Variable Model parameters K AICc ΔAICc wi 
CPUE      
 LMB CPUE + Water PC2 + Morphometry PC2 + Land use PC3 6 -56.71 0.00 0.021 
 LMB CPUE + Water PC2 + Morphometry PC2 5 -56.34 0.37 0.018 
 LMB CPUE + Water PC2 + Morphometry PC2 + Land use PC3 + County population 7 -56.04 0.67 0.015 
 LMB CPUE + Water PC1 + Water PC2 + Morphometry PC2 6 -55.82 0.88 0.014 
 LMB CPUE + CRP CPUE + Water PC2 + Morphometry PC2 6 -55.80 0.91 0.014 
 LMB CPUE + Water PC2 + Morphometry PC2 + Land use PC1 + Land use PC3 7 -55.79 0.92 0.013 
 LMB CPUE + Water PC2 + Morphometry PC2 + Land use PC1 6 -55.30 1.41 0.011 
 LMB CPUE + Water PC1 + Water PC2 + Morphometry PC1 + Morphometry PC2 7 -55.29 1.42 0.010 
 LMB CPUE +  CCF CPUE + Water PC2 + Morphometry PC2 6 -54.83 1.87 0.008 
 LMB CPUE + Water PC1 + Water PC2 + Morphometry PC2 + Land use PC3 7 -54.83 1.88 0.008 
      
PSD      
 CCF CPUE + Zooplankton PC3 4 -18.10 0.00 0.021 
 CCF CPUE 3 -17.43 0.67 0.015 
 CCF CPUE + Water PC2 4 -16.63 1.47 0.010 
 Water PC2 3 -16.57 1.53 0.010 
 CCF CPUE + BLB CPUE + Zooplankton PC3 5 -16.47 1.63 0.009 
 CCF  CPUE + Zooplankton PC2 + Zooplankton PC3 5 -16.43 1.67 0.009 
 BLB CPUE 3 -16.34 1.76 0.009 
 CCF CPUE + Land use PC1 + Zooplankton PC3 5 -16.30 1.80 0.009 
 CCF CPUE + BLB CPUE 4 -16.24 1.86 0.008 
 CCF CPUE + Water PC2 + Zooplankton PC3 5 -16.22 1.88 0.008 
 CCF CPUE + Land use PC1 4 -16.21 1.89 0.008 
 CCF CPUE + Zooplankton PC1+ Zooplankton PC3 5 -16.21 1.89 0.008 
 CCF CPUE + GZS CPUE + Zooplankton PC3 5 -16.12 1.98 0.008 
      
Wr      
 LMB CPUE + LMB PSD + CRP CPUE + Morphometry PC1 + Land use PC2 7 -239.70 0.00 0.014 
 LMB CPUE + LMB PSD + CRP CPUE + Morphometry PC1 6 -239.65 0.06 0.013 
 LMB CPUE + LMB PSD + CRP CPUE + BLB CPUE 6 -239.22 0.48 0.011 
 LMB CPUE + LMB PSD + CRP CPUE + GZS CPUE + BLB CPUE 7 -239.16 0.55 0.011 
 LMB CPUE + LMB PSD + CRP CPUE + BLB CPUE + MorphometryPC1 7 -239.16 0.55 0.011 
 
 
 
LMB CPUE + LMB PSD + CRP CPUE + Morphometry PC1 + Zooplankton PC3 
 	 7   -238.89   0.81   0.009   
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Table	3	(continued)	
 
    
Variable Model parameters K AICc ΔAICc wi 
      
 LMB CPUE + CRP CPUE + Morphometry PC1 + Zooplankton PC3 6 -238.83 0.87 0.009 
 LMB CPUE + LMB PSD + CRP CPUE + BLB CPUE + Zooplankton PC3 7 -238.75 0.95 0.009 
 LMB CPUE + LMB PSD + CRP CPUE + Water PC1 6 -238.68 1.02 0.008 
 LMB CPUE + CRP CPUE + Morphometry PC1 5 -238.55 1.15 0.008 
 LMB CPUE + CRP CPUE + Water PC1 + Zooplankton PC3 6 -238.54 1.16 0.008 
 LMB CPUE + CRP CPUE + BLC CPUE + Water PC1 + Zooplankton PC3 7 -238.47 1.24 0.007 
 LMB CPUE + LMB PSD + CRP CPUE + BLB CPUE + Morphometry PC1 + Land use 
PC2 
8 -238.45 1.26 0.007 
 LMB CPUE + LMB PSD + CRP CPUE + GZS CPUE + BLB CPUE + Morphometry PC1 8 -238.42 1.28 0.007 
 LMB CPUE + LMB PSD + GZS CPUE + BLB CPUE 6 -238.40 1.30 0.007 
 
 
LMB CPUE + LMB PSD + CRP CPUE + GZS CPUE + Morphometry PC1 7 -238.38 1.32 0.007 
 LMB CPUE + LMB PSD + CRP CPUE + GZS CPUE + BLB CPUE + Zooplankton PC3 8 -238.33 1.37 0.007 
 LMB CPUE + LMB PSD + CRP CPUE + ZooplPC3 6 -238.25 1.45 0.007 
 LMB CPUE + LMB PSD + CRP CPUE 5 -238.23 1.47 0.007 
 LMB CPUE + LMB PSD + GZS CPUE + BLB CPUE + Morphometry PC2 7 -238.23 1.48 0.007 
 LMB CPUE + LMB PSD + CRP CPUE + Water PC1 + Zooplankton PC3 7 -238.21 1.49 0.007 
 LMB CPUE + CRP CPUE + BLC CPUE + Water PC1 6 -238.17 1.53 0.006 
 LMB CPUE + LMB PSD + CRP CPUE + Morphometry PC1 + Land use PC2 + 
Zooplankton PC3 
8 -238.17 1.53 0.006 
 LMB CPUE + LMB PSD + CRP CPUE + BLB CPUE + Morphometry PC1 + Zooplankton 
PC3 
8 -238.10 1.60 0.006 
 LMB CPUE + LMB PSD + GZS CPUE + BLB CPUE + Morphometry PC1 + 
Morphometry PC2 
8 -238.00 1.71 0.006 
 LMB CPUE + CRP CPUE + Water PC1 5 -237.98 1.72 0.006 
 LMB CPUE + LMB PSD + CRP CPUE + BLB CPUE + Water PC1 7 -237.90 1.80 0.006 
 LMB CPUE + CRP CPUE + BLC CPUE + Morphometry PC1 + Zooplankton PC3 7 -237.88 1.82 0.006 
 LMB CPUE + LMB PSD + CRP CPUE + BLB CPUE + Land use PC2 7 -237.83 1.87 0.005 
 LMB CPUE + CRP CPUE + Water PC1 + Zooplankton PC2 + Zooplankton PC3 7 -237.83 1.87 0.005 
 LMB CPUE + LMB PSD + GZS CPUE + BLB CPUE + Morphometry PC1 7 -237.82 1.88 0.005 
 LMB CPUE + CRP CPUE + BLC CPUE + Morphometry PC1 6 -237.78 1.92 0.005 
 LMB CPUE + LMB PSD + CRP CPUE + Water quality PC1 + Morphometry PC1 7 -237.72 1.98 0.005 
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Table 4. Akaike variable weights (wv) from models evaluating variation in bluegill abundance 
(CPUE), size structure (PSD), and condition (Wr) across 50 Iowa lakes. Weights > 0.4 are in 
bold. 
  wv 
Variable BLG CPUE BLG PSD BLG Wr 
LMB CPUE  1.00 0.07 1.00 
Morphometry PC2 0.95 0.09 0.23 
Water quality PC2 0.99 0.22 0.05 
CRP CPUE 0.20 0.07 0.79 
Zooplankton PC3 0.09 0.46 0.43 
CCF CPUE 0.15 0.74 0.05 
Morphometry PC1 0.21 0.06 0.61 
LMB PSD 0.05 0.09 0.65 
BLB CPUE 0.08 0.26 0.45 
Land use PC3 0.48 0.08 0.18 
Water quality PC1 0.25 0.05 0.21 
GZS CPUE  0.09 0.10 0.30 
Land use PC1 0.22 0.14 0.03 
Zooplankton PC2 0.15 0.12 0.08 
County population 0.22 0.08 0.03 
Land use PC2 0.06 0.10 0.16 
BLC CPUE 0.07 0.05 0.19 
Zooplankton PC1 0.08 0.08 0.03 
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Figure 1. Relationships between bluegill relative abundance and largemouth bass relative 
abundance (A) and water quality PC2 and lake morphometry PC2 (B).  
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Figure 2. Three-dimensional scatterplots illustrating the relationships among bluegill size 
structure, channel catfish relative abundance, and zooplankton PC3.  
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Figure 3. Three-dimensional scatterplots illustrating relationships between bluegill condition and 
largemouth bass relative abundance and size structure  (A) and common carp relative abundance 
and lake morphometry PC1 (B). 
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APPENDICES 
 
APPENDIX A 
LAKE RESTORATION STUDY SITES 
 
Reference-restoration lake pairings for BACI analysis, restoration lake-types, and classification 
of restoration treatment types (A and B). 
Reference Lakes Restoration Lakes Restoration  
Lake Type 
Restoration 
Type  
North Twin Lake Blackhawk Lake Natural  In-lake 
Briggs Woods Lake Brushy Creek Lake Constructed  Watershed 
Lake Manawa Carter Lake Natural  In-lake 
Mormon Trail Lake Cold Springs Lake Constructed  In-lake 
Five Island Lake Crystal Lake Natural  In-lake 
Silver Lake (Dickinson) Diamond Lake Constructed  In-lake 
Spring Lake Don Williams Constructed  In-lake 
Lake Orient (GV) Green Valley Lake Constructed  In-lake 
Lake Orient (AN) Lake Anita Constructed  In-lake 
Lake Keomah Lake Darling Constructed  Watershed 
Lake Orient (LI) Lake Icaria Constructed  Both 
Windmill Lake Lake of Three Fires Constructed  Both 
Lake Miami Lake Wapello Constructed  In-lake 
West Lake (Osceola) (LRL) Little River Lake Constructed  Both 
Union Grove Lake Little Wall Lake Natural  In-lake 
Lower Gar Lake Lost Island Lake Natural  In-lake 
Greenfield Lake Meadow Lake Constructed  Watershed 
Littlefield Lake Prairie Rose Constructed  Both 
West Lake (Osceola) (RHL) Red Haw Lake Constructed  Watershed 
Three Mile Lake Twelve Mile Creek  Constructed  In-lake 
Lake Orient (VL) Viking Lake Constructed  Both 
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APPENDIX B 
 
 WATER QUALITY PRINCIPAL COMPONENT SCORES 
	
Lake Block Treatment Status Year PC1 PC2 PC3 
Black Hawk Lake 1 In-lake (constructed) 3 pre 2010 -2.12 -1.28 -0.15 
Black Hawk Lake  1 In-lake (constructed) 2 pre 2011 -1.02 -1.42 -1.14 
Black Hawk Lake  1 In-lake (constructed) 1 pre 2012 -4.40 -1.29 -0.26 
Black Hawk Lake  1 In-lake (constructed) 1 post 2013 2.23 -1.86 0.62 
Black Hawk Lake  1 In-lake (constructed) 2 post 2014 -1.06 -1.68 2.66 
Black Hawk Lake  1 In-lake (constructed) 3 post 2015 0.47 -2.38 0.48 
North Twin Lake 1 Reference 3 pre 2010 -1.17 -0.43 -0.08 
North Twin Lake 1 Reference 2 pre 2011 -2.32 -0.68 -0.08 
North Twin Lake 1 Reference 1 pre 2012 -3.88 -0.45 -0.57 
North Twin Lake 1 Reference 1 post 2013 -1.89 -0.99 -0.62 
North Twin Lake 1 Reference 2 post 2014 -2.37 -0.45 0.96 
North Twin Lake 1 Reference 3 post 2015 -2.14 -1.36 -0.76 
Briggs Woods Lake 2 Reference 3 pre 2008 . . . 
Briggs Woods Lake 2 Reference 2 pre 2009 3.07 -0.73 0.75 
Briggs Woods Lake 2 Reference 1 pre 2010 1.74 -0.36 1.18 
Briggs Woods Lake 2 Reference 1 post 2012 1.69 -0.22 2.28 
Briggs Woods Lake 2 Reference 2 post 2013 3.83 -0.57 1.27 
Briggs Woods Lake 2 Reference 3 post 2014 0.85 0.93 2.24 
Brushy Creek Lake 2 Watershed 3 pre 2007 2.33 -2.10 0.41 
Brushy Creek Lake 2 Watershed 2 pre 2009 2.63 -2.91 -0.40 
Brushy Creek Lake 2 Watershed 1 pre 2010 1.64 -2.11 0.08 
Brushy Creek Lake 2 Watershed 1 post 2012 3.63 -2.08 0.70 
Brushy Creek Lake 2 Watershed 2 post 2013 2.28 -1.77 0.51 
Brushy Creek Lake 2 Watershed 3 post 2014 5.18 -2.50 -0.08 
Carter Lake 3 In-lake (natural) 3 pre 2007 -1.32 -2.58 0.08 
Carter Lake 3 In-lake (natural) 2 pre 2009 -2.94 -2.69 -0.95 
Carter Lake 3 In-lake (natural) 1 pre 2010 -0.28 -2.99 -0.90 
Carter Lake 3 In-lake (natural) 1 post 2011 3.67 -4.15 -0.51 
Carter Lake 3 In-lake (natural) 2 post 2012 0.04 -3.39 0.95 
Carter Lake 3 In-lake (natural) 3 post 2013 4.15 -2.78 1.17 
Lake Manawa 3 Reference 3 pre 1998 -1.90 -1.30 0.49 
Lake Manawa 3 Reference 2 pre 1999 -2.35 -1.56 -0.29 
Lake Manawa 3 Reference 1 pre 2000 -1.94 -0.84 -0.43 
Lake Manawa 3 Reference 1 post 2003 -1.81 -1.23 0.30 
Lake Manawa 3 Reference 2 post 2004 -4.23 -0.92 0.86 
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APPENDIX B. continued 
 
Lake Block Treatment Status Year PC1 PC2 PC3 
Lake Manawa 3 Reference 3 post 2005 -1.92 -1.46 0.29 
Cold Springs Lake 4 In-lake (constructed) 3 pre 2003 0.00 1.13 0.43 
Cold Springs Lake 4 In-lake (constructed) 2 pre 2004 -0.15 -0.34 -1.04 
Cold Springs Lake 4 In-lake (constructed) 1 pre 2005 -0.18 0.26 0.09 
Cold Springs Lake 4 In-lake (constructed) 1 post 2009 2.46 0.65 0.85 
Cold Springs Lake 4 In-lake (constructed) 2 post 2010 3.86 1.02 0.02 
Cold Springs Lake 4 In-lake (constructed) 3 post 2011 0.80 0.20 -0.06 
Mormon Trail Lake 4 Reference 3 pre 2003 4.14 0.96 -0.28 
Mormon Trail Lake 4 Reference 2 pre 2004 4.14 0.10 0.65 
Mormon Trail Lake 4 Reference 1 pre 2005 0.06 0.58 -0.29 
Mormon Trail Lake 4 Reference 1 post 2009 4.72 0.17 -0.09 
Mormon Trail Lake 4 Reference 2 post 2010 2.62 0.97 -0.18 
Mormon Trail Lake 4 Reference 3 post 2011 1.77 0.99 0.36 
Crystal Lake 5 In-lake (natural) 3 pre 2003 -2.46 0.31 -0.18 
Crystal Lake 5 In-lake (natural) 2 pre 2004 -3.38 -0.46 1.00 
Crystal Lake 5 In-lake (natural) 1 pre 2005 -4.25 -0.75 2.42 
Crystal Lake 5 In-lake (natural) 1 post 2009 1.17 -0.57 1.46 
Crystal Lake 5 In-lake (natural) 2 post 2010 1.32 -0.71 0.73 
Crystal Lake 5 In-lake (natural) 3 post 2011 0.25 -0.39 1.76 
Five Island Lake 5 reference 3 pre 2003 -1.14 -0.63 -0.81 
Five Island Lake 5 Reference 2 pre 2004 -1.25 -0.90 -0.03 
Five Island Lake 5 Reference 1 pre 2005 -2.27 -1.63 -0.18 
Five Island Lake 5 Reference 1 post 2009 -0.90 -1.15 -1.28 
Five Island Lake 5 Reference 2 post 2010 -1.36 -0.61 -0.47 
Five Island Lake 5 Reference 3 post 2011 -1.83 -0.80 0.05 
Diamond Lake 6 In-lake (constructed) 1 pre 2000 . . . 
Diamond Lake 6 In-lake (constructed) 2 pre 2001 3.14 -0.25 0.20 
Diamond Lake 6 In-lake (constructed) 1 pre 2002 1.46 0.63 -0.07 
Diamond Lake 6 In-lake (constructed) 1 post 2004 -0.57 0.96 0.56 
Diamond Lake 6 In-lake (constructed) 2 post 2005 -0.41 0.00 1.18 
Diamond Lake 6 In-lake (constructed) 3 post 2006 0.27 -0.15 0.10 
Silver Lake (Dickinson) 6 Reference 3 pre 2000 . . . 
Silver Lake (Dickinson) 6 Reference 2 pre 2001 -0.29 -1.46 -2.18 
Silver Lake (Dickinson) 6 Reference 1 pre 2002 -2.34 -1.61 -2.58 
Silver Lake (Dickinson) 6 Reference 1 post 2004 -2.88 -2.25 0.59 
Silver Lake (Dickinson) 6 Reference 2 post 2005 -1.99 -1.87 -1.29 
Silver Lake (Dickinson) 6 Reference 3 post 2006 0.60 -2.06 -1.95 
Don Williams 7 In-lake (constructed) 3 pre 2009 1.58 -3.03 -0.98 
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Lake Block Treatment Status Year PC1 PC2 PC3 
Don Williams 7 In-lake (constructed) 2 pre 2010 0.18 -1.89 -1.92 
Don Williams 7 In-lake (constructed) 1 pre 2011 1.00 -2.66 -0.47 
Don Williams 7 In-lake (constructed) 1 post 2012 2.19 -1.55 -0.06 
Don Williams 7 In-lake (constructed) 2 post 2013 1.62 -1.82 0.55 
Don Williams 7 In-lake (constructed) 3 post 2014 0.57 -0.65 -1.31 
Spring Lake 7 Reference 3 pre 2009 -0.18 -1.26 -1.11 
Spring Lake 7 Reference 2 pre 2010 1.06 -1.57 -1.92 
Spring Lake 7 Reference 1 pre 2011 -0.25 -1.21 -0.44 
Spring Lake 7 Reference 1 post 2012 -3.38 -0.91 0.37 
Spring Lake 7 Reference 2 post 2013 -0.59 -1.26 -0.03 
Spring Lake 7 Reference 3 post 2014 -0.60 -0.91 -0.26 
Green Valley Lake 8 In-lake (constructed) 3 pre 2004 1.25 0.01 -0.25 
Green Valley Lake 8 In-lake (constructed) 2 pre 2005 0.02 0.59 -0.27 
Green Valley Lake 8 In-lake (constructed) 1 pre 2006 0.56 -0.08 0.32 
Green Valley Lake 8 In-lake (constructed) 1 post 2011 -2.36 1.60 0.86 
Green Valley Lake 8 In-lake (constructed) 2 post 2012 -2.06 0.08 -0.14 
Green Valley Lake 8 In-lake (constructed) 3 post 2013 0.49 0.61 -0.41 
Lake Orient GV 8 Reference 3 pre 2004 -2.00 0.98 -1.80 
Lake Orient GV 8 Reference 2 pre 2005 -2.00 0.45 -0.69 
Lake Orient GV 8 Reference 1 pre 2006 -2.91 1.18 2.83 
Lake Orient GV 8 Reference 1 post 2011 -2.87 0.88 1.54 
Lake Orient GV 8 Reference 2 post 2012 -5.55 1.82 1.61 
Lake Orient GV 8 Reference 3 post 2013 -1.27 0.62 0.61 
Lake Anita 9 In-lake (constructed) 3 pre 2000 . . . 
Lake Anita 9 In-lake (constructed) 2 pre 2001 0.84 0.94 -0.54 
Lake Anita 9 In-lake (constructed) 1 pre 2002 0.59 0.47 0.36 
Lake Anita 9 In-lake (constructed) 1 post 2006 1.38 -0.04 0.48 
Lake Anita 9 In-lake (constructed) 2 post 2007 1.18 0.06 1.46 
Lake Anita 9 In-lake (constructed) 3 post 2009 1.28 0.57 0.21 
Lake Orient AN 9 Reference 3 pre 2000 . . . 
Lake Orient AN 9 Reference 2 pre 2001 -1.37 0.81 -2.48 
Lake Orient AN 9 Reference 1 pre 2002 -1.48 -0.06 0.95 
Lake Orient AN 9 Reference 1 post 2006 -2.91 1.18 2.83 
Lake Orient AN 9 Reference 2 post 2007 -1.02 0.96 0.30 
Lake Orient AN 9 Reference 3 post 2009 -2.49 1.82 1.37 
Lake Darling 10 Watershed 3 pre 2000 . . . 
Lake Darling 10 Watershed 2 pre 2001 -3.26 2.43 -3.38 
Lake Darling 10 Watershed 1 pre 2002 -3.48 1.20 -2.23 
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Lake Block Treatment Status Year PC1 PC2 PC3 
Lake Darling 10 Watershed 1 post 2005 -3.02 0.62 2.37 
Lake Darling 10 Watershed 2 post 2006 -0.07 0.21 0.48 
Lake Darling 10 Watershed 3 post 2007 -2.24 2.14 -1.26 
Lake Keomah 10 Reference 3 pre 2000 . . . 
Lake Keomah 10 Reference 2 pre 2001 2.43 0.27 0.22 
Lake Keomah 10 Reference 1 pre 2002 -0.67 0.90 1.87 
Lake Keomah 10 Reference 1 post 2005 1.14 -0.27 2.94 
Lake Keomah 10 Reference 2 post 2006 3.28 -1.55 0.12 
Lake Keomah 10 Reference 3 post 2007 1.43 0.75 2.28 
Lake Icaria 11 Both 3 pre 2001 0.98 1.65 -1.67 
Lake Icaria 11 Both 2 pre 2002 1.18 0.25 -1.20 
Lake Icaria 11 Both 1 pre 2003 1.25 0.91 -0.69 
Lake Icaria 11 Both 1 post 2009 0.26 0.61 -0.58 
Lake Icaria 11 Both 2 post 2010 0.40 1.45 -1.42 
Lake Icaria 11 Both 3 post 2011 0.80 1.40 -0.24 
Lake Orient LI 11 Reference 3 pre 2000 . . . 
Lake Orient LI 11 Reference 2 pre 2001 -1.37 0.81 -2.48 
Lake Orient LI 11 Reference 1 pre 2002 -1.48 -0.06 0.95 
Lake Orient LI 11 Reference 1 post 2009 -2.49 1.82 1.37 
Lake Orient LI 11 Reference 2 post 2010 -3.02 1.45 0.33 
Lake Orient LI 11 Reference 3 post 2011 -2.87 0.88 1.54 
Lake of Three Fires 12 Both 3 pre 2004 0.35 2.55 -2.36 
Lake of Three Fires 12 Both 2 pre 2005 -0.08 1.04 0.61 
Lake of Three Fires 12 Both 1 pre 2006 0.07 1.12 -1.05 
Lake of Three Fires 12 Both 1 post 2010 2.08 0.55 -0.60 
Lake of Three Fires 12 Both 2 post 2011 -0.01 1.91 1.56 
Lake of Three Fires 12 Both 3 post 2012 0.23 2.28 -1.10 
Windmill Lake 12 Reference 3 pre 2001 -1.25 2.49 -0.30 
Windmill Lake 12 Reference 2 pre 2002 -0.58 1.52 0.78 
Windmill Lake 12 Reference 1 pre 2003 0.59 1.34 -0.34 
Windmill Lake 12 Reference 1 post 2005 -1.96 0.54 0.92 
Windmill Lake 12 Reference 2 post 2009 -1.53 1.32 -2.10 
Windmill Lake 12 Reference 3 post 2010 -1.36 1.66 -1.61 
Lake Miami 13 Reference 3 pre 2007 -2.52 1.62 -0.49 
Lake Miami 13 Reference 2 pre 2009 -0.69 0.31 0.57 
Lake Miami 13 Reference 1 post 2011 -1.47 2.85 -2.41 
Lake Miami 13 Reference 2 post 2012 -0.42 1.32 -1.78 
Lake Miami 13 Reference 3 post 2013 0.07 1.17 -1.53 
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Lake Block Treatment Status Year PC1 PC2 PC3 
Lake Wapello 13 In-lake (constructed) 3 pre 2004 4.65 1.53 -1.84 
Lake Wapello 13 In-lake (constructed) 2 pre 2005 3.10 1.26 0.94 
Lake Wapello 13 In-lake (constructed) 1 pre 2006 5.44 0.26 0.77 
Lake Wapello 13 In-lake (constructed) 1 post 2010 2.40 2.60 -2.24 
Lake Wapello 13 In-lake (constructed) 2 post 2011 0.91 2.71 -0.62 
Lake Wapello 13 In-lake (constructed) 3 post 2012 2.37 1.52 0.39 
Little River Lake 14 Both 3 pre 2005 0.28 0.88 0.02 
Little River Lake 14 Both 2 pre 2009 0.98 1.59 -2.55 
Little River Lake 14 Both 1 pre 2010 -0.56 2.13 -2.47 
Little River Lake 14 Both 1 post 2013 3.28 1.74 -1.95 
Little River Lake 14 Both 2 post 2014 2.51 1.30 1.36 
Little River Lake 14 Both 3 post 2015 0.22 1.76 0.93 
West Lake (Osceola) LRL 14 Reference 3 pre 2005 1.33 0.19 0.26 
West Lake (Osceola) LRL 14 Reference 2 pre 2009 1.26 1.05 -0.36 
West Lake (Osceola) LRL 14 Reference 1 pre 2010 -0.66 1.65 0.92 
West Lake (Osceola) LRL 14 Reference 1 post 2013 -0.53 1.82 1.61 
West Lake (Osceola) LRL 14 Reference 2 post 2014 0.44 1.55 0.73 
West Lake (Osceola) LRL 14 Reference 3 post 2015 1.25 1.44 0.33 
Little Wall Lake 15 In-lake (natural) 3 pre 2001 -6.71 -0.89 0.03 
Little Wall Lake 15 In-lake (natural) 2 pre 2002 -1.97 -2.24 -0.74 
Little Wall Lake 15 In-lake (natural) 1 pre 2003 -2.56 -0.75 0.17 
Little Wall Lake 15 In-lake (natural) 1 post 2005 -3.04 -1.95 0.12 
Little Wall Lake 15 In-lake (natural) 2 post 2006 -2.89 -1.99 -0.45 
Little Wall Lake 15 In-lake (natural) 3 post 2007 -0.92 -2.28 -0.26 
Union Grove Lake 15 Reference 3 pre 2001 0.04 -0.34 -0.36 
Union Grove Lake 15 Reference 2 pre 2002 -2.29 0.16 -0.32 
Union Grove Lake 15 Reference 1 pre 2003 -0.17 -0.30 -0.57 
Union Grove Lake 15 Reference 1 post 2005 -1.60 -0.60 0.61 
Union Grove Lake 15 Reference 2 post 2006 -1.55 -0.12 0.85 
Union Grove Lake 15 Reference 3 post 2007 -1.00 -0.17 1.82 
Lost Island Lake 16 In-lake (natural) 3 pre 2005 -0.78 -2.13 0.03 
Lost Island Lake 16 In-lake (natural) 2 pre 2006 -1.97 -1.43 -0.10 
Lost Island Lake 16 In-lake (natural) 1 pre 2007 -1.07 -1.39 -0.14 
Lost Island Lake 16 In-lake (natural) 1 post 2013 0.48 -1.70 0.10 
Lost Island Lake 16 In-lake (natural) 2 post 2014 0.73 -1.15 -0.31 
Lost Island Lake 16 In-lake (natural) 3 post 2015 0.52 -1.78 0.42 
Lower Gar Lake 16 Reference 3 pre 2005 -0.08 -1.96 -1.37 
Lower Gar Lake 16 Reference 2 pre 2006 -0.28 -2.07 -1.53 
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Lake Block Treatment Status Year PC1 PC2 PC3 
Lower Gar Lake 16 Reference 1 pre 2007 -1.88 -2.01 -1.00 
Lower Gar Lake 16 Reference 1 post 2013 0.20 -1.69 0.53 
Lower Gar Lake 16 Reference 2 post 2014 -2.39 -1.63 0.07 
Lower Gar Lake 16 Reference 3 post 2015 -1.04 -1.61 0.40 
Greenfield Lake 17 Reference 3 pre 2004 1.35 -0.78 1.14 
Greenfield Lake 17 Reference 2 pre 2005 2.38 -0.48 0.33 
Greenfield Lake 17 Reference 1 pre 2009 1.15 0.02 0.51 
Greenfield Lake 17 Reference 1 post 2011 1.31 0.39 0.26 
Greenfield Lake 17 Reference 2 post 2012 1.49 0.61 0.56 
Greenfield Lake 17 Reference 3 post 2013 2.08 -0.24 -0.78 
Meadow Lake 17 Watershed 3 pre 2004 -0.95 0.69 -0.82 
Meadow Lake 17 Watershed 2 pre 2005 -1.57 0.38 -0.04 
Meadow Lake 17 Watershed 1 pre 2009 0.47 -0.96 -1.11 
Meadow Lake 17 Watershed 1 post 2011 -0.20 0.18 -0.05 
Meadow Lake 17 Watershed 2 post 2012 -0.56 0.51 0.57 
Meadow Lake 17 Watershed 3 post 2013 -1.01 0.35 0.46 
Littlefield Lake 18 Reference 3 pre 2005 -2.71 0.72 -0.38 
Littlefield Lake 18 Reference 2 pre 2006 -2.77 0.39 0.92 
Littlefield Lake 18 Reference 1 pre 2007 -3.63 0.82 0.90 
Littlefield Lake 18 Reference 1 post 2013 -0.44 0.58 0.39 
Littlefield Lake 18 Reference 2 post 2014 -1.67 0.87 -0.34 
Littlefield Lake 18 Reference 3 post 2015 -2.90 1.45 -1.60 
Prairie Rose 18 Both 3 pre 2005 -0.26 -0.61 0.60 
Prairie Rose 18 Both 2 pre 2006 0.23 -0.81 0.65 
Prairie Rose 18 Both 1 pre 2007 -1.41 0.16 1.49 
Prairie Rose 18 Both 1 post 2013 4.38 -1.90 -1.44 
Prairie Rose 18 Both 2 post 2014 0.55 -0.90 0.68 
Prairie Rose 18 Both 3 post 2015 2.98 -0.36 1.30 
Red Haw Lake 19 Watershed 3 pre 2011 2.80 1.78 0.33 
Red Haw Lake 19 Watershed 2 pre 2012 2.78 1.60 0.40 
Red Haw Lake 19 Watershed 1 pre 2013 3.74 2.15 0.82 
Red Haw Lake 19 Watershed 1 post 2015 3.08 2.16 0.61 
Red Haw Lake 19 Watershed 2 post 2016 . . . 
Red Haw Lake 19 Watershed 3 post 2017 . . . 
West Lake (Osceola) 19 Reference 3 pre 2011 0.71 1.91 1.22 
West Lake (Osceola) 19 Reference 2 pre 2012 1.10 1.17 -0.21 
West Lake (Osceola) 19 Reference 1 pre 2013 -0.53 1.82 1.61 
West Lake (Osceola) 19 Reference 1 post 2015 1.25 1.44 0.33 
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Lake Block Treatment Status Year PC1 PC2 PC3 
West Lake (Osceola) 19 Reference 2 post 2016 . . . 
West Lake (Osceola) 19 Reference 3 post 2017 . . . 
Three Mile Lake 20 Reference 3 pre 2002 4.09 -0.28 -0.59 
Three Mile Lake 20 Reference 2 pre 2003 2.99 0.35 -0.54 
Three Mile Lake 20 Reference 1 pre 2004 3.05 -0.71 0.36 
Three Mile Lake 20 Reference 1 post 2009 2.36 0.41 -0.45 
Three Mile Lake 20 Reference 2 post 2010 2.06 0.60 -1.01 
Three Mile Lake 20 Reference 3 post 2011 1.55 1.13 -0.36 
Twelve Mile Creek Lake 20 In-lake (constructed) 3 pre 2002 3.28 -0.08 0.32 
Twelve Mile Creek Lake 20 In-lake (constructed) 2 pre 2003 1.79 0.79 -0.29 
Twelve Mile Creek Lake 20 In-lake (constructed) 1 pre 2004 2.48 -0.02 0.11 
Twelve Mile Creek Lake 20 In-lake (constructed) 1 post 2009 2.20 0.23 0.47 
Twelve Mile Creek Lake 20 In-lake (constructed) 2 post 2010 1.93 0.77 -0.21 
Twelve Mile Creek Lake 20 In-lake (constructed) 3 post 2011 0.80 1.60 1.23 
Lake Orient VL 21 Reference 3 pre 2003 -1.01 0.64 -1.52 
Lake Orient VL 21 Reference 2 pre 2004 -2.00 0.98 -1.80 
Lake Orient VL 21 Reference 1 pre 2005 -2.00 0.45 -0.69 
Lake Orient VL 21 Reference 1 post 2007 -1.02 0.96 0.30 
Lake Orient VL 21 Reference 2 post 2009 -2.49 1.82 1.37 
Lake Orient VL 21 Reference 3 post 2010 -3.02 1.45 0.33 
Viking Lake 21 Both 3 pre 2003 1.59 1.08 0.42 
Viking Lake 21 Both 2 pre 2004 1.03 0.07 -0.98 
Viking Lake 21 Both 1 pre 2005 -0.50 0.46 0.71 
Viking Lake 21 Both 1 post 2007 3.54 0.97 -0.18 
Viking Lake 21 Both 2 post 2009 1.81 -0.11 -0.58 
Viking Lake 21 Both 3 post 2010 1.08 0.41 -0.18 
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APPENDIX C 
 
 PHYTOPLANKTON PRINCIPAL COMPONENT SCORES 
 
 
Lake Block Treatment Status Year PC1 PC2 PC3 
Black Hawk Lake  1 In-lake (constructed) 3 pre 2010 -1.38 -0.25 -0.03 
Black Hawk Lake  1 In-lake (constructed) 2 pre 2011 -0.13 -0.08 0.33 
Black Hawk Lake  1 In-lake (constructed) 1 pre 2012 -0.21 -0.08 0.32 
Black Hawk Lake  1 In-lake (constructed) 1 post 2013 -0.54 -0.28 0.00 
Black Hawk Lake  1 In-lake (constructed) 2 post 2014 0.38 -0.77 -0.12 
Black Hawk Lake  1 In-lake (constructed) 3 post 2015 2.36 0.09 0.60 
North Twin Lake 1 Reference 3 pre 2010 3.93 0.99 1.51 
North Twin Lake 1 Reference 2 pre 2011 -0.47 -0.19 -0.23 
North Twin Lake 1 Reference 1 pre 2012 1.89 -0.18 -3.53 
North Twin Lake 1 Reference 1 post 2013 4.82 -0.99 -4.29 
North Twin Lake 1 Reference 2 post 2014 1.76 -0.05 1.19 
North Twin Lake 1 Reference 3 post 2015 0.32 -0.11 0.40 
Briggs Woods Lake 2 Reference 3 pre 2008 . . . 
Briggs Woods Lake 2 Reference 2 pre 2009 1.59 -0.70 -0.96 
Briggs Woods Lake 2 Reference 1 pre 2010 -0.08 -0.45 0.11 
Briggs Woods Lake 2 Reference 1 post 2012 0.70 -0.57 0.41 
Briggs Woods Lake 2 Reference 2 post 2013 2.19 -1.49 0.67 
Briggs Woods Lake 2 Reference 3 post 2014 -0.13 -0.10 -0.98 
Brushy Creek Lake 2 Watershed 3 pre 2007 -0.69 -0.73 0.30 
Brushy Creek Lake 2 Watershed 2 pre 2009 -1.37 -0.23 -0.05 
Brushy Creek Lake 2 Watershed 1 pre 2010 -0.39 -0.14 0.20 
Brushy Creek Lake 2 Watershed 1 post 2012 1.48 1.85 -5.40 
Brushy Creek Lake 2 Watershed 2 post 2013 -1.45 -0.26 -0.05 
Brushy Creek Lake 2 Watershed 3 post 2014 0.56 -0.07 -1.86 
Carter Lake 3 In-lake (natural) 3 pre 2007 -1.34 -0.27 -0.01 
Carter Lake 3 In-lake (natural) 2 pre 2009 0.42 -0.29 0.44 
Carter Lake 3 In-lake (natural) 1 pre 2010 -0.97 -0.25 0.07 
Carter Lake 3 In-lake (natural) 1 post 2011 0.33 -0.22 -0.12 
Carter Lake 3 In-lake (natural) 2 post 2012 1.60 -0.61 -2.25 
Carter Lake 3 In-lake (natural) 3 post 2013 -0.48 -0.19 -0.24 
Lake Manawa 3 Reference 3 pre 1998 -1.55 -0.29 -0.03 
Lake Manawa 3 Reference 2 pre 1999 -1.54 -0.29 -0.03 
Lake Manawa 3 Reference 1 pre 2000 -1.52 -0.28 -0.04 
Lake Manawa 3 Reference 1 post 2003 0.32 -0.03 0.61 
Lake Manawa 3 Reference 2 post 2004 -1.55 -0.29 -0.03 
Lake Manawa 3 Reference 3 post 2005 -1.38 -0.26 -0.03 
Cold Springs Lake 4 In-lake (constructed) 3 pre 2003 4.72 -1.54 -0.86 
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Lake Block Treatment Status Year PC1 PC2 PC3 
Cold Springs Lake 4 In-lake (constructed) 2 pre 2004 -1.18 -0.17 0.02 
Cold Springs Lake 4 In-lake (constructed) 1 pre 2005 -0.23 -0.32 -0.18 
Cold Springs Lake 4 In-lake (constructed) 1 post 2009 1.66 -0.17 0.74 
Cold Springs Lake 4 In-lake (constructed) 2 post 2010 0.25 -0.02 -0.85 
Cold Springs Lake 4 In-lake (constructed) 3 post 2011 0.62 -0.12 -0.31 
Mormon Trail Lake 4 Reference 3 pre 2003 -0.62 -0.47 0.07 
Mormon Trail Lake 4 Reference 2 pre 2004 1.84 -0.29 1.00 
Mormon Trail Lake 4 Reference 1 pre 2005 3.90 -0.85 -0.38 
Mormon Trail Lake 4 Reference 1 post 2009 6.62 -3.47 3.65 
Mormon Trail Lake 4 Reference 2 post 2010 1.74 -0.54 1.00 
Mormon Trail Lake 4 Reference 3 post 2011 -0.40 -0.03 0.24 
Crystal Lake 5 In-lake (natural) 3 pre 2003 -1.31 -0.22 -0.01 
Crystal Lake 5 In-lake (natural) 2 pre 2004 0.12 -0.13 0.41 
Crystal Lake 5 In-lake (natural) 1 pre 2005 -0.06 -0.08 0.21 
Crystal Lake 5 In-lake (natural) 1 post 2009 -1.23 -0.19 0.00 
Crystal Lake 5 In-lake (natural) 2 post 2010 -0.54 -0.21 0.14 
Crystal Lake 5 In-lake (natural) 3 post 2011 -1.32 -0.22 -0.01 
Five Island Lake 5 reference 3 pre 2003 -1.28 -0.21 0.00 
Five Island Lake 5 Reference 2 pre 2004 -1.44 -0.24 -0.03 
Five Island Lake 5 Reference 1 pre 2005 0.01 -0.04 0.45 
Five Island Lake 5 Reference 1 post 2009 -1.15 -0.20 -0.01 
Five Island Lake 5 Reference 2 post 2010 -1.12 -0.22 -0.01 
Five Island Lake 5 Reference 3 post 2011 0.21 -0.03 -0.04 
Diamond Lake 6 In-lake (constructed) 1 pre 2000 . . . 
Diamond Lake 6 In-lake (constructed) 2 pre 2001 -0.88 -0.10 0.00 
Diamond Lake 6 In-lake (constructed) 1 pre 2002 2.95 -0.23 -5.52 
Diamond Lake 6 In-lake (constructed) 1 post 2004 1.14 0.14 0.72 
Diamond Lake 6 In-lake (constructed) 2 post 2005 2.04 0.03 0.98 
Diamond Lake 6 In-lake (constructed) 3 post 2006 4.73 -0.67 0.77 
Silver Lake (Dickinson) 6 Reference 3 pre 2000 . . . 
Silver Lake (Dickinson) 6 Reference 2 pre 2001 0.69 0.17 0.61 
Silver Lake (Dickinson) 6 Reference 1 pre 2002 -0.03 -0.02 0.35 
Silver Lake (Dickinson) 6 Reference 1 post 2004 -1.35 -0.23 -0.07 
Silver Lake (Dickinson) 6 Reference 2 post 2005 -0.59 -0.11 0.05 
Silver Lake (Dickinson) 6 Reference 3 post 2006 0.23 -0.07 -1.13 
Don Williams 7 In-lake (constructed) 3 pre 2009 2.66 0.10 -1.96 
Don Williams 7 In-lake (constructed) 2 pre 2010 -1.59 -0.30 -0.03 
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Lake Block Treatment Status Year PC1 PC2 PC3 
Don Williams  7 In-lake (constructed) 1 pre 2011 -1.03 -0.16 -0.01 
Don Williams 7 In-lake (constructed) 1 post 2012 -0.81 -0.04 0.01 
Don Williams 7 In-lake (constructed) 2 post 2013 -1.47 -0.26 -0.03 
Don Williams 7 In-lake (constructed) 3 post 2014 3.77 0.57 1.77 
Spring Lake 7 Reference 3 pre 2009 -0.27 -0.05 0.30 
Spring Lake 7 Reference 2 pre 2010 -0.31 -0.16 -0.06 
Spring Lake 7 Reference 1 pre 2011 -0.67 -0.06 0.00 
Spring Lake 7 Reference 1 post 2012 -1.40 -0.25 -0.02 
Spring Lake 7 Reference 2 post 2013 -1.18 -0.19 0.02 
Spring Lake 7 Reference 3 post 2014 -1.48 -0.27 -0.04 
Green Valley Lake 8 In-lake (constructed) 3 pre 2004 -1.40 -0.24 -0.04 
Green Valley Lake 8 In-lake (constructed) 2 pre 2005 3.43 0.90 1.31 
Green Valley Lake 8 In-lake (constructed) 1 pre 2006 0.81 -0.76 -0.70 
Green Valley Lake 8 In-lake (constructed) 1 post 2011 -1.49 -0.28 -0.04 
Green Valley Lake 8 In-lake (constructed) 2 post 2012 -0.29 -0.53 0.30 
Green Valley Lake 8 In-lake (constructed) 3 post 2013 -0.84 -0.25 0.03 
Lake Orient GV 8 Reference 3 pre 2004 -1.50 -0.27 -0.03 
Lake Orient GV 8 Reference 2 pre 2005 -0.74 -0.34 0.11 
Lake Orient GV 8 Reference 1 pre 2006 -1.10 -0.19 0.03 
Lake Orient GV 8 Reference 1 post 2011 -0.41 -0.08 0.23 
Lake Orient GV 8 Reference 2 post 2012 -1.30 -0.23 -0.02 
Lake Orient GV 8 Reference 3 post 2013 -0.46 -0.37 -0.04 
Lake Anita 9 In-lake (constructed) 3 pre 2000 . . . 
Lake Anita 9 In-lake (constructed) 2 pre 2001 1.80 -1.91 0.37 
Lake Anita 9 In-lake (constructed) 1 pre 2002 -1.03 -0.46 0.12 
Lake Anita 9 In-lake (constructed) 1 post 2006 0.70 -1.07 0.59 
Lake Anita 9 In-lake (constructed) 2 post 2007 -0.16 -0.08 0.05 
Lake Anita 9 In-lake (constructed) 3 post 2009 5.01 -0.65 1.79 
Lake Orient AN 9 Reference 3 pre 2000 . . . 
Lake Orient AN 9 Reference 2 pre 2001 -1.50 -0.27 -0.03 
Lake Orient AN 9 Reference 1 pre 2002 0.20 -0.34 0.16 
Lake Orient AN 9 Reference 1 post 2006 -0.86 0.02 -0.33 
Lake Orient AN 9 Reference 2 post 2007 -1.17 -0.28 -0.02 
Lake Orient AN 9 Reference 3 post 2009 4.15 0.35 2.23 
Lake Darling 10 Watershed 3 pre 2000 . . . 
Lake Darling 10 Watershed 2 pre 2001 -0.45 -0.05 0.13 
Lake Darling 10 Watershed 1 pre 2002 -1.33 -0.21 -0.01 
Lake Darling 10 Watershed 1 post 2005 1.43 0.17 0.71 
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Lake Block Treatment Status Year PC1 PC2 PC3 
Lake Darling 10 Watershed 2 post 2006 0.92 0.38 0.45 
Lake Darling 10 Watershed 3 post 2007 0.46 4.38 0.87 
Lake Keomah 10 Reference 3 pre 2000 . . . 
Lake Keomah 10 Reference 2 pre 2001 1.31 4.30 1.21 
Lake Keomah 10 Reference 1 pre 2002 0.27 4.38 0.78 
Lake Keomah 10 Reference 1 post 2005 0.33 4.33 0.77 
Lake Keomah 10 Reference 2 post 2006 0.24 4.38 0.77 
Lake Keomah 10 Reference 3 post 2007 0.48 4.28 0.79 
Lake Icaria 11 Both 3 pre 2001 4.15 0.35 2.23 
Lake Icaria 11 Both 2 pre 2002 -0.45 -0.05 0.13 
Lake Icaria 11 Both 1 pre 2003 0.92 0.38 0.45 
Lake Icaria 11 Both 1 post 2009 -1.26 -0.21 0.00 
Lake Icaria 11 Both 2 post 2010 -1.16 -0.29 -0.03 
Lake Icaria 11 Both 3 post 2011 0.65 0.22 0.46 
Lake Orient LI 11 Reference 3 pre 2000 . . . 
Lake Orient LI 11 Reference 2 pre 2001 -0.68 -0.09 0.16 
Lake Orient LI 11 Reference 1 pre 2002 1.31 -0.13 0.83 
Lake Orient LI 11 Reference 1 post 2009 1.43 0.17 0.71 
Lake Orient LI 11 Reference 2 post 2010 0.92 0.38 0.45 
Lake Orient LI 11 Reference 3 post 2011 -1.26 -0.21 0.00 
Lake of Three Fires 12 Both 3 pre 2004 -1.15 -0.21 -0.05 
Lake of Three Fires 12 Both 2 pre 2005 -1.45 -0.26 -0.04 
Lake of Three Fires 12 Both 1 pre 2006 -1.36 -0.22 -0.04 
Lake of Three Fires 12 Both 1 post 2010 -0.82 -0.39 0.13 
Lake of Three Fires 12 Both 2 post 2011 -0.67 -0.39 0.01 
Lake of Three Fires 12 Both 3 post 2012 -0.72 -0.20 0.11 
Windmill Lake 12 Reference 3 pre 2001 -1.01 -0.15 -0.05 
Windmill Lake 12 Reference 2 pre 2002 -0.92 -0.13 -0.19 
Windmill Lake 12 Reference 1 pre 2003 -1.41 -0.28 -0.03 
Windmill Lake 12 Reference 1 post 2005 3.01 -1.89 -0.24 
Windmill Lake 12 Reference 2 post 2009 -0.74 -0.12 0.11 
Windmill Lake 12 Reference 3 post 2010 -1.46 -0.26 -0.04 
Lake Miami 13 Reference 3 pre 2007 0.69 0.16 0.10 
Lake Miami 13 Reference 2 pre 2009 -0.84 -0.13 -0.04 
Lake Miami 13 Reference 1 post 2011 -1.37 -0.22 -0.04 
Lake Miami 13 Reference 2 post 2012 -0.69 -0.10 0.08 
Lake Miami 13 Reference 3 post 2013 -1.44 -0.25 -0.03 
Lake Wapello 13 In-lake (constructed) 3 pre 2004 -1.33 -0.24 -0.01 
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Lake Block Treatment Status Year PC1 PC2 PC3 
Lake Wapello 13 In-lake (constructed) 2 pre 2005 -1.00 -0.18 0.07 
Lake Wapello 13 In-lake (constructed) 1 pre 2006 -1.46 -0.25 -0.03 
Lake Wapello 13 In-lake (constructed) 1 post 2010 -0.75 -0.04 0.05 
Lake Wapello 13 In-lake (constructed) 2 post 2011 0.06 -0.15 0.20 
Lake Wapello 13 In-lake (constructed) 3 post 2012 -0.93 -0.20 -0.23 
Little River Lake 14 Both 3 pre 2005 0.72 -0.57 -0.24 
Little River Lake 14 Both 2 pre 2009 -1.16 -0.18 0.01 
Little River Lake 14 Both 1 pre 2010 -1.47 -0.25 -0.03 
Little River Lake 14 Both 1 post 2013 -1.01 -0.15 0.06 
Little River Lake 14 Both 2 post 2014 -1.37 -0.24 -0.04 
Little River Lake 14 Both 3 post 2015 0.83 0.00 0.51 
West Lake (Osceola) LRL 14 Reference 3 pre 2005 -1.48 -0.26 -0.04 
West Lake (Osceola) LRL 14 Reference 2 pre 2009 -0.88 -0.16 0.09 
West Lake (Osceola) LRL 14 Reference 1 pre 2010 -1.20 -0.18 0.01 
West Lake (Osceola) LRL 14 Reference 1 post 2013 -0.82 -0.11 0.13 
West Lake (Osceola) LRL 14 Reference 2 post 2014 1.83 -0.30 1.30 
West Lake (Osceola) LRL 14 Reference 3 post 2015 1.38 -0.06 -0.52 
Little Wall Lake 15 In-lake (natural) 3 pre 2001 0.78 0.13 0.52 
Little Wall Lake 15 In-lake (natural) 2 pre 2002 -1.36 -0.23 -0.07 
Little Wall Lake 15 In-lake (natural) 1 pre 2003 -0.80 -0.37 0.03 
Little Wall Lake 15 In-lake (natural) 1 post 2005 -0.91 -0.16 0.05 
Little Wall Lake 15 In-lake (natural) 2 post 2006 -1.22 -0.21 -0.02 
Little Wall Lake 15 In-lake (natural) 3 post 2007 -1.31 -0.23 -0.04 
Union Grove Lake 15 Reference 3 pre 2001 -0.25 -0.22 0.27 
Union Grove Lake 15 Reference 2 pre 2002 0.11 -0.42 -0.23 
Union Grove Lake 15 Reference 1 pre 2003 -1.35 -0.22 -0.09 
Union Grove Lake 15 Reference 1 post 2005 -1.05 -0.21 -0.01 
Union Grove Lake 15 Reference 2 post 2006 0.03 -0.15 -0.60 
Union Grove Lake 15 Reference 3 post 2007 -0.03 -0.44 0.16 
Lost Island Lake 16 In-lake (natural) 3 pre 2005 -1.11 -0.29 0.02 
Lost Island Lake 16 In-lake (natural) 2 pre 2006 -1.18 -0.19 0.02 
Lost Island Lake 16 In-lake (natural) 1 pre 2007 0.08 -0.03 0.07 
Lost Island Lake 16 In-lake (natural) 1 post 2013 -0.31 -0.07 0.27 
Lost Island Lake 16 In-lake (natural) 2 post 2014 -0.67 -0.13 0.18 
Lost Island Lake 16 In-lake (natural) 3 post 2015 -0.78 -0.10 0.12 
Lower Gar Lake 16 Reference 3 pre 2005 0.04 0.04 0.45 
Lower Gar Lake 16 Reference 2 pre 2006 -0.42 -0.22 0.21 
Lower Gar Lake 16 Reference 1 pre 2007 -1.20 -0.19 0.00 
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Lake Block Treatment Status Year PC1 PC2 PC3 
Lower Gar Lake 16 Reference 1 post 2013 -1.33 -0.21 -0.07 
Lower Gar Lake 16 Reference 2 post 2014 5.06 -1.16 0.00 
Lower Gar Lake 16 Reference 3 post 2015 -0.97 -0.14 0.00 
Greenfield Lake 17 Reference 3 pre 2004 1.17 0.05 -2.17 
Greenfield Lake 17 Reference 2 pre 2005 -0.72 -0.24 0.06 
Greenfield Lake 17 Reference 1 pre 2009 -0.83 -0.28 0.06 
Greenfield Lake 17 Reference 1 post 2011 2.53 -1.11 0.27 
Greenfield Lake 17 Reference 2 post 2012 -0.40 -0.29 0.19 
Greenfield Lake 17 Reference 3 post 2013 1.29 4.50 1.06 
Meadow Lake 17 Watershed 3 pre 2004 0.25 4.38 0.77 
Meadow Lake 17 Watershed 2 pre 2005 0.25 4.38 0.75 
Meadow Lake 17 Watershed 1 pre 2009 0.71 4.33 0.90 
Meadow Lake 17 Watershed 1 post 2011 0.24 4.38 0.77 
Meadow Lake 17 Watershed 2 post 2012 0.13 -0.08 0.44 
Meadow Lake 17 Watershed 3 post 2013 1.67 -0.41 0.79 
Littlefield Lake 18 Reference 3 pre 2005 -0.67 -0.10 0.12 
Littlefield Lake 18 Reference 2 pre 2006 -1.14 -0.16 0.00 
Littlefield Lake 18 Reference 1 pre 2007 -0.10 -0.13 0.40 
Littlefield Lake 18 Reference 1 post 2013 0.30 0.01 0.42 
Littlefield Lake 18 Reference 2 post 2014 2.03 1.97 -4.11 
Littlefield Lake 18 Reference 3 post 2015 -1.17 -0.18 -0.09 
Prairie Rose 18 Both 3 pre 2005 -0.53 -0.11 0.22 
Prairie Rose 18 Both 2 pre 2006 -0.35 -0.41 -0.31 
Prairie Rose 18 Both 1 pre 2007 -0.29 -0.11 0.21 
Prairie Rose 18 Both 1 post 2013 -0.63 -0.10 -0.30 
Prairie Rose 18 Both 2 post 2014 -1.24 -0.19 0.01 
Prairie Rose 18 Both 3 post 2015 -1.41 -0.26 -0.04 
Red Haw Lake 19 Watershed 3 pre 2011 -1.27 -0.18 -0.02 
Red Haw Lake 19 Watershed 2 pre 2012 -1.57 -0.30 -0.04 
Red Haw Lake 19 Watershed 1 pre 2013 -0.75 -0.21 0.13 
Red Haw Lake 19 Watershed 1 post 2015 -0.97 -0.15 0.08 
Red Haw Lake 19 Watershed 2 post 2016 . . . 
Red Haw Lake 19 Watershed 3 post 2017 . . . 
West Lake (Osceola) 19 Reference 3 pre 2011 4.82 -1.39 -1.60 
West Lake (Osceola) 19 Reference 2 pre 2012 -1.02 -0.14 -0.35 
West Lake (Osceola) 19 Reference 1 pre 2013 -0.59 -0.12 -0.66 
West Lake (Osceola) 19 Reference 1 post 2015 0.49 -0.45 -0.75 
West Lake (Osceola) 19 Reference 2 post 2016 . . . 
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Lake Block Treatment Status Year PC1 PC2 PC3 
West Lake (Osceola) 19 Reference 3 post 2017 . . . 
Three Mile Lake 20 Reference 3 pre 2002 -1.09 -0.27 0.03 
Three Mile Lake 20 Reference 2 pre 2003 -0.91 -0.15 0.08 
Three Mile Lake 20 Reference 1 pre 2004 -1.50 -0.28 -0.03 
Three Mile Lake 20 Reference 1 post 2009 -0.90 -0.13 0.03 
Three Mile Lake 20 Reference 2 post 2010 -1.22 -0.22 -0.02 
Three Mile Lake 20 Reference 3 post 2011 -0.63 -0.71 0.29 
Twelve Mile Creek Lake 20 In-lake (constructed) 3 pre 2002 -0.94 -0.12 -0.13 
Twelve Mile Creek Lake 20 In-lake (constructed) 2 pre 2003 -0.48 -0.50 0.22 
Twelve Mile Creek Lake 20 In-lake (constructed) 1 pre 2004 -0.65 -0.25 0.11 
Twelve Mile Creek Lake 20 In-lake (constructed) 1 post 2009 2.06 -0.53 0.74 
Twelve Mile Creek Lake 20 In-lake (constructed) 2 post 2010 1.70 -0.41 0.91 
Twelve Mile Creek Lake 20 In-lake (constructed) 3 post 2011 1.82 -0.20 -0.01 
Lake Orient VL 21 Reference 3 pre 2003 -0.69 -0.23 -0.19 
Lake Orient VL 21 Reference 2 pre 2004 0.13 1.27 -2.99 
Lake Orient VL 21 Reference 1 pre 2005 0.19 -0.49 0.00 
Lake Orient VL 21 Reference 1 post 2007 1.70 -0.41 0.91 
Lake Orient VL 21 Reference 2 post 2009 2.70 2.63 -6.97 
Lake Orient VL 21 Reference 3 post 2010 1.82 -0.20 -0.01 
Viking Lake 21 Both 3 pre 2003 -1.48 -0.27 -0.04 
Viking Lake 21 Both 2 pre 2004 0.27 0.10 0.25 
Viking Lake 21 Both 1 pre 2005 -1.00 -0.19 0.06 
Viking Lake 21 Both 1 post 2007 1.43 -0.23 0.66 
Viking Lake 21 Both 2 post 2009 -1.23 -0.20 -0.10 
Viking Lake 21 Both 3 post 2010 -1.29 -0.28 -0.03 
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 ZOOPLANKTON PRINCIPAL COMPONENT SCORES 
	
Lake Block Treatment Status Year PC1 PC2 
Black Hawk Lake  1 In-lake (constructed) 3 pre 2010 0.12 -1.01 
Black Hawk Lake  1 In-lake (constructed) 2 pre 2011 -0.42 -0.74 
Black Hawk Lake  1 In-lake (constructed) 1 pre 2012 -1.18 0.79 
Black Hawk Lake  1 In-lake (constructed) 1 post 2013 -1.98 -1.38 
Black Hawk Lake  1 In-lake (constructed) 2 post 2014 3.03 0.79 
Black Hawk Lake  1 In-lake (constructed) 3 post 2015 1.99 0.98 
North Twin Lake 1 Reference 3 pre 2010 . . 
North Twin Lake 1 Reference 2 pre 2011 2.66 0.60 
North Twin Lake 1 Reference 1 pre 2012 2.40 1.34 
North Twin Lake 1 Reference 1 post 2013 1.47 -0.04 
North Twin Lake 1 Reference 2 post 2014 -2.76 0.60 
North Twin Lake 1 Reference 3 post 2015 1.07 0.61 
Briggs Woods Lake 2 Reference 3 pre 2008 -0.05 0.42 
Briggs Woods Lake 2 Reference 2 pre 2009 1.01 1.17 
Briggs Woods Lake 2 Reference 1 pre 2010 1.04 0.08 
Briggs Woods Lake 2 Reference 1 post 2012 1.80 0.61 
Briggs Woods Lake 2 Reference 2 post 2013 -1.49 1.00 
Briggs Woods Lake 2 Reference 3 post 2014 1.33 1.68 
Brushy Creek Lake 2 Watershed 3 pre 2007 -2.89 -0.21 
Brushy Creek Lake 2 Watershed 2 pre 2009 -2.59 -1.69 
Brushy Creek Lake 2 Watershed 1 pre 2010 1.19 0.27 
Brushy Creek Lake 2 Watershed 1 post 2012 0.88 1.18 
Brushy Creek Lake 2 Watershed 2 post 2013 -0.44 0.74 
Brushy Creek Lake 2 Watershed 3 post 2014 0.76 -0.28 
Carter Lake 3 In-lake (natural) 3 pre 2007 0.97 1.65 
Carter Lake 3 In-lake (natural) 2 pre 2009 1.01 0.79 
Carter Lake 3 In-lake (natural) 1 pre 2010 2.32 0.97 
Carter Lake 3 In-lake (natural) 1 post 2011 1.70 1.13 
Carter Lake 3 In-lake (natural) 2 post 2012 1.62 0.54 
Carter Lake 3 In-lake (natural) 3 post 2013 2.23 0.52 
Lake Manawa 3 Reference 3 pre 1998 2.31 0.41 
Lake Manawa 3 Reference 2 pre 1999 1.68 -0.11 
Lake Manawa 3 Reference 1 pre 2000 0.30 -0.79 
Lake Manawa 3 Reference 1 post 2003 -0.07 -1.00 
Lake Manawa 3 Reference 2 post 2004 2.12 -0.11 
Lake Manawa 3 Reference 3 post 2005 -1.14 -1.86 
Cold Springs Lake 4 In-lake (constructed) 3 pre 2003 . . 
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Lake Block Treatment Status Year PC1 PC2 
Cold Springs Lake 4 In-lake (constructed) 2 pre 2004 -0.12 0.13 
Cold Springs Lake 4 In-lake (constructed) 1 pre 2005 -2.81 4.07 
Cold Springs Lake 4 In-lake (constructed) 1 post 2009 1.24 1.27 
Cold Springs Lake 4 In-lake (constructed) 2 post 2010 -0.32 0.26 
Cold Springs Lake 4 In-lake (constructed) 3 post 2011 -0.08 -0.52 
Mormon Trail Lake 4 Reference 3 pre 2003 -2.76 1.24 
Mormon Trail Lake 4 Reference 2 pre 2004 -0.72 1.60 
Mormon Trail Lake 4 Reference 1 pre 2005 -3.41 1.97 
Mormon Trail Lake 4 Reference 1 post 2009 -1.67 0.30 
Mormon Trail Lake 4 Reference 2 post 2010 -1.21 -1.74 
Mormon Trail Lake 4 Reference 3 post 2011 -1.13 -1.97 
Crystal Lake 5 In-lake (natural) 3 pre 2003 -0.77 -1.35 
Crystal Lake 5 In-lake (natural) 2 pre 2004 -1.61 -2.06 
Crystal Lake 5 In-lake (natural) 1 pre 2005 -2.53 1.41 
Crystal Lake 5 In-lake (natural) 1 post 2009 -0.25 -0.15 
Crystal Lake 5 In-lake (natural) 2 post 2010 0.21 -0.31 
Crystal Lake 5 In-lake (natural) 3 post 2011 -1.01 -1.29 
Five Island Lake 5 reference 3 pre 2003 0.32 -0.99 
Five Island Lake 5 Reference 2 pre 2004 -0.12 -1.05 
Five Island Lake 5 Reference 1 pre 2005 1.39 -0.43 
Five Island Lake 5 Reference 1 post 2009 -2.39 -2.90 
Five Island Lake 5 Reference 2 post 2010 -0.70 -1.33 
Five Island Lake 5 Reference 3 post 2011 0.20 -0.21 
Diamond Lake 6 In-lake (constructed) 1 pre 2000 -0.67 -0.13 
Diamond Lake 6 In-lake (constructed) 2 pre 2001 1.68 -0.05 
Diamond Lake 6 In-lake (constructed) 1 pre 2002 -0.47 -1.14 
Diamond Lake 6 In-lake (constructed) 1 post 2004 0.78 0.36 
Diamond Lake 6 In-lake (constructed) 2 post 2005 -1.65 0.39 
Diamond Lake 6 In-lake (constructed) 3 post 2006 -0.62 0.93 
Silver Lake (Dickinson) 6 Reference 3 pre 2000 . . 
Silver Lake (Dickinson) 6 Reference 2 pre 2001 -0.35 -0.53 
Silver Lake (Dickinson) 6 Reference 1 pre 2002 -1.49 -0.79 
Silver Lake (Dickinson) 6 Reference 1 post 2004 0.76 -0.72 
Silver Lake (Dickinson) 6 Reference 2 post 2005 -1.34 -0.30 
Silver Lake (Dickinson) 6 Reference 3 post 2006 -0.51 -1.02 
Don Williams 7 In-lake (constructed) 3 pre 2009 . . 
Don Williams 7 In-lake (constructed) 2 pre 2010 -0.19 -0.15 
Don Williams 7 In-lake (constructed) 1 pre 2011 0.32 -0.92 
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Lake Block Treatment Status Year PC1 PC2 
Don Williams 7 In-lake (constructed) 1 post 2012 -0.57 -0.46 
Don Williams 7 In-lake (constructed) 2 post 2013 0.48 -0.32 
Don Williams 7 In-lake (constructed) 3 post 2014 -0.71 -0.34 
Spring Lake 7 Reference 3 pre 2009 -1.08 -2.24 
Spring Lake 7 Reference 2 pre 2010 -0.90 -0.50 
Spring Lake 7 Reference 1 pre 2011 -1.10 -0.81 
Spring Lake 7 Reference 1 post 2012 1.30 0.57 
Spring Lake 7 Reference 2 post 2013 0.15 0.79 
Spring Lake 7 Reference 3 post 2014 1.35 -0.03 
Green Valley Lake 8 In-lake (constructed) 3 pre 2004 . . 
Green Valley Lake 8 In-lake (constructed) 2 pre 2005 -0.80 -1.68 
Green Valley Lake 8 In-lake (constructed) 1 pre 2006 -0.41 1.50 
Green Valley Lake 8 In-lake (constructed) 1 post 2011 0.50 1.33 
Green Valley Lake 8 In-lake (constructed) 2 post 2012 3.07 0.65 
Green Valley Lake 8 In-lake (constructed) 3 post 2013 2.32 0.43 
Lake Orient GV 8 Reference 3 pre 2004 -3.42 2.32 
Lake Orient GV 8 Reference 2 pre 2005 -0.80 -0.58 
Lake Orient GV 8 Reference 1 pre 2006 1.01 -0.30 
Lake Orient GV 8 Reference 1 post 2011 0.74 0.48 
Lake Orient GV 8 Reference 2 post 2012 -0.72 -0.02 
Lake Orient GV 8 Reference 3 post 2013 -1.32 -1.64 
Lake Anita 9 In-lake (constructed) 3 pre 2000 -0.22 -0.35 
Lake Anita 9 In-lake (constructed) 2 pre 2001 -1.27 -0.83 
Lake Anita 9 In-lake (constructed) 1 pre 2002 -0.84 0.31 
Lake Anita 9 In-lake (constructed) 1 post 2006 -0.64 -1.28 
Lake Anita 9 In-lake (constructed) 2 post 2007 -1.10 -0.18 
Lake Anita 9 In-lake (constructed) 3 post 2009 1.32 0.40 
Lake Orient AN 9 Reference 3 pre 2000 -1.96 -1.15 
Lake Orient AN 9 Reference 2 pre 2001 -3.48 2.94 
Lake Orient AN 9 Reference 1 pre 2002 -0.09 -0.87 
Lake Orient AN 9 Reference 1 post 2006 3.10 0.84 
Lake Orient AN 9 Reference 2 post 2007 1.21 -0.05 
Lake Orient AN 9 Reference 3 post 2009 . . 
Lake Darling 10 Watershed 3 pre 2000 -0.04 -0.26 
Lake Darling 10 Watershed 2 pre 2001 -0.39 -0.45 
Lake Darling 10 Watershed 1 pre 2002 1.51 -0.13 
Lake Darling 10 Watershed 1 post 2005 -0.87 -0.91 
Lake Darling 10 Watershed 2 post 2006 2.25 0.65 
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Lake Block Treatment Status Year PC1 PC2 
Lake Darling 10 Watershed 3 post 2007 0.78 -0.32 
Lake Keomah 10 Reference 3 pre 2000 -0.77 -0.38 
Lake Keomah 10 Reference 2 pre 2001 1.51 -0.13 
Lake Keomah 10 Reference 1 pre 2002 2.80 0.45 
Lake Keomah 10 Reference 1 post 2005 2.31 0.30 
Lake Keomah 10 Reference 2 post 2006 1.72 0.25 
Lake Keomah 10 Reference 3 post 2007 . . 
Lake Icaria 11 Both 3 pre 2001 -0.04 -0.26 
Lake Icaria 11 Both 2 pre 2002 -0.39 -0.45 
Lake Icaria 11 Both 1 pre 2003 2.25 0.65 
Lake Icaria 11 Both 1 post 2009 1.94 0.27 
Lake Icaria 11 Both 2 post 2010 2.80 0.45 
Lake Icaria 11 Both 3 post 2011 -0.82 -1.79 
Lake Orient LI 11 Reference 3 pre 2000 0.78 -0.32 
Lake Orient LI 11 Reference 2 pre 2001 -0.77 -0.38 
Lake Orient LI 11 Reference 1 pre 2002 -0.87 -0.91 
Lake Orient LI 11 Reference 1 post 2009 2.25 0.65 
Lake Orient LI 11 Reference 2 post 2010 1.94 0.27 
Lake Orient LI 11 Reference 3 post 2011 2.29 0.13 
Lake of Three Fires 12 Both 3 pre 2004 1.71 0.90 
Lake of Three Fires 12 Both 2 pre 2005 1.60 0.53 
Lake of Three Fires 12 Both 1 pre 2006 0.52 0.52 
Lake of Three Fires 12 Both 1 post 2010 1.01 0.41 
Lake of Three Fires 12 Both 2 post 2011 0.54 -0.26 
Lake of Three Fires 12 Both 3 post 2012 0.32 0.51 
Windmill Lake 12 Reference 3 pre 2001 -0.24 -0.82 
Windmill Lake 12 Reference 2 pre 2002 1.35 0.29 
Windmill Lake 12 Reference 1 pre 2003 1.45 0.22 
Windmill Lake 12 Reference 1 post 2005 -0.08 -1.19 
Windmill Lake 12 Reference 2 post 2009 1.39 -0.21 
Windmill Lake 12 Reference 3 post 2010 0.87 -0.61 
Lake Miami 13 Reference 3 pre 2007 0.44 -0.77 
Lake Miami 13 Reference 2 pre 2009 1.41 0.73 
Lake Miami 13 Reference 1 post 2011 1.17 0.36 
Lake Miami 13 Reference 2 post 2012 0.24 0.58 
Lake Miami 13 Reference 3 post 2013 0.34 -0.22 
Lake Wapello 13 In-lake (constructed) 3 pre 2004 -0.66 0.69 
Lake Wapello 13 In-lake (constructed) 2 pre 2005 -1.26 -1.05 
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Lake Block Treatment Status Year PC1 PC2 
Lake Wapello 13 In-lake (constructed) 1 pre 2006 0.71 -0.09 
Lake Wapello 13 In-lake (constructed) 1 post 2010 -0.53 -0.92 
Lake Wapello 13 In-lake (constructed) 2 post 2011 -0.80 -0.57 
Lake Wapello 13 In-lake (constructed) 3 post 2012 -2.47 -0.54 
Little River Lake 14 Both 3 pre 2005 0.38 -0.21 
Little River Lake 14 Both 2 pre 2009 0.00 -1.14 
Little River Lake 14 Both 1 pre 2010 -0.69 -1.51 
Little River Lake 14 Both 1 post 2013 0.67 -0.52 
Little River Lake 14 Both 2 post 2014 0.54 -0.89 
Little River Lake 14 Both 3 post 2015 1.27 -0.28 
West Lake (Osceola) LRL 14 Reference 3 pre 2005 0.80 -0.44 
West Lake (Osceola) LRL 14 Reference 2 pre 2009 -0.63 -1.65 
West Lake (Osceola) LRL 14 Reference 1 pre 2010 -0.41 -1.43 
West Lake (Osceola) LRL 14 Reference 1 post 2013 0.45 0.70 
West Lake (Osceola) LRL 14 Reference 2 post 2014 0.49 0.03 
West Lake (Osceola) LRL 14 Reference 3 post 2015 0.61 0.11 
Little Wall Lake 15 In-lake (natural) 3 pre 2001 -0.41 -0.58 
Little Wall Lake 15 In-lake (natural) 2 pre 2002 -0.30 -0.94 
Little Wall Lake 15 In-lake (natural) 1 pre 2003 0.58 0.32 
Little Wall Lake 15 In-lake (natural) 1 post 2005 -0.37 -0.66 
Little Wall Lake 15 In-lake (natural) 2 post 2006 1.41 -0.14 
Little Wall Lake 15 In-lake (natural) 3 post 2007 -1.80 1.42 
Union Grove Lake 15 Reference 3 pre 2001 0.37 -0.24 
Union Grove Lake 15 Reference 2 pre 2002 0.42 0.78 
Union Grove Lake 15 Reference 1 pre 2003 -2.08 -1.50 
Union Grove Lake 15 Reference 1 post 2005 -0.12 -1.14 
Union Grove Lake 15 Reference 2 post 2006 -1.53 0.88 
Union Grove Lake 15 Reference 3 post 2007 0.25 -0.57 
Lost Island Lake 16 In-lake (natural) 3 pre 2005 -0.56 -0.62 
Lost Island Lake 16 In-lake (natural) 2 pre 2006 1.31 -0.08 
Lost Island Lake 16 In-lake (natural) 1 pre 2007 2.47 0.49 
Lost Island Lake 16 In-lake (natural) 1 post 2013 0.56 -0.20 
Lost Island Lake 16 In-lake (natural) 2 post 2014 1.08 -0.37 
Lost Island Lake 16 In-lake (natural) 3 post 2015 1.34 0.13 
Lower Gar Lake 16 Reference 3 pre 2005 -0.95 -0.89 
Lower Gar Lake 16 Reference 2 pre 2006 -1.41 -0.59 
Lower Gar Lake 16 Reference 1 pre 2007 -1.40 -1.65 
Lower Gar Lake 16 Reference 1 post 2013 -0.05 0.08 
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Lake Block Treatment Status Year PC1 PC2 
Lower Gar Lake 16 Reference 2 post 2014 -0.45 0.22 
Lower Gar Lake 16 Reference 3 post 2015 0.07 0.41 
Greenfield Lake 17 Reference 3 pre 2004 -0.06 0.94 
Greenfield Lake 17 Reference 2 pre 2005 -4.88 6.46 
Greenfield Lake 17 Reference 1 pre 2009 0.24 0.50 
Greenfield Lake 17 Reference 1 post 2011 -1.22 1.17 
Greenfield Lake 17 Reference 2 post 2012 . . 
Greenfield Lake 17 Reference 3 post 2013 . . 
Meadow Lake 17 Watershed 3 pre 2004 . . 
Meadow Lake 17 Watershed 2 pre 2005 0.37 -0.93 
Meadow Lake 17 Watershed 1 pre 2009 0.71 -0.78 
Meadow Lake 17 Watershed 1 post 2011 0.61 -0.84 
Meadow Lake 17 Watershed 2 post 2012 0.43 -1.01 
Meadow Lake 17 Watershed 3 post 2013 -2.45 -2.64 
Littlefield Lake 18 Reference 3 pre 2005 -1.12 4.40 
Littlefield Lake 18 Reference 2 pre 2006 -0.43 4.51 
Littlefield Lake 18 Reference 1 pre 2007 -0.97 4.04 
Littlefield Lake 18 Reference 1 post 2013 -2.74 0.55 
Littlefield Lake 18 Reference 2 post 2014 -3.24 3.54 
Littlefield Lake 18 Reference 3 post 2015 -1.65 4.44 
Prairie Rose 18 Both 3 pre 2005 -0.36 0.19 
Prairie Rose 18 Both 2 pre 2006 0.73 0.43 
Prairie Rose 18 Both 1 pre 2007 -1.10 -0.56 
Prairie Rose 18 Both 1 post 2013 1.11 -0.11 
Prairie Rose 18 Both 2 post 2014 1.51 0.10 
Prairie Rose 18 Both 3 post 2015 -0.68 -1.19 
Red Haw Lake 19 Watershed 3 pre 2011 0.13 -0.75 
Red Haw Lake 19 Watershed 2 pre 2012 1.44 -0.34 
Red Haw Lake 19 Watershed 1 pre 2013 -1.23 0.05 
Red Haw Lake 19 Watershed 1 post 2015 1.28 -0.45 
Red Haw Lake 19 Watershed 2 post 2016 -0.04 -1.26 
Red Haw Lake 19 Watershed 3 post 2017 1.46 -0.38 
West Lake (Osceola) 19 Reference 3 pre 2011 -1.53 1.70 
West Lake (Osceola) 19 Reference 2 pre 2012 1.01 -0.48 
West Lake (Osceola) 19 Reference 1 pre 2013 0.55 -0.29 
West Lake (Osceola) 19 Reference 1 post 2015 0.80 -0.53 
West Lake (Osceola) 19 Reference 2 post 2016 -1.70 -1.53 
West Lake (Osceola) 19 Reference 3 post 2017 -1.42 -0.27 
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Lake Block Treatment Status Year PC1 PC2 
Three Mile Lake 20 Reference 3 pre 2002 1.30 0.25 
Three Mile Lake 20 Reference 2 pre 2003 -0.43 -0.31 
Three Mile Lake 20 Reference 1 pre 2004 -0.44 0.26 
Three Mile Lake 20 Reference 1 post 2009 -1.45 -2.16 
Three Mile Lake 20 Reference 2 post 2010 -0.98 1.35 
Three Mile Lake 20 Reference 3 post 2011 -1.07 -1.01 
Twelve Mile Creek Lake 20 In-lake (constructed) 3 pre 2002 -2.55 -1.41 
Twelve Mile Creek Lake 20 In-lake (constructed) 2 pre 2003 -2.50 -1.06 
Twelve Mile Creek Lake 20 In-lake (constructed) 1 pre 2004 0.15 -0.23 
Twelve Mile Creek Lake 20 In-lake (constructed) 1 post 2009 -2.10 -0.36 
Twelve Mile Creek Lake 20 In-lake (constructed) 2 post 2010 . . 
Twelve Mile Creek Lake 20 In-lake (constructed) 3 post 2011 . . 
Lake Orient VL 21 Reference 3 pre 2003 -1.75 -0.38 
Lake Orient VL 21 Reference 2 pre 2004 -3.16 2.17 
Lake Orient VL 21 Reference 1 pre 2005 -1.09 -0.33 
Lake Orient VL 21 Reference 1 post 2007 0.15 -0.23 
Lake Orient VL 21 Reference 2 post 2009 -1.38 -0.97 
Lake Orient VL 21 Reference 3 post 2010 -2.10 -0.36 
Viking Lake 21 Both 3 pre 2003 1.19 -0.23 
Viking Lake 21 Both 2 pre 2004 1.72 0.80 
Viking Lake 21 Both 1 pre 2005 0.70 0.59 
Viking Lake 21 Both 1 post 2007 2.00 0.10 
Viking Lake 21 Both 2 post 2009 0.22 0.47 
Viking Lake 21 Both 3 post 2010 1.71 0.70 
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APPENDIX E 
 
 FISH PRINCIPAL COMPONENT SCORES 
	
Lake Block Treatment Status Year PC1 PC2 PC3 PC4 
Black Hawk Lake  1 In-lake (constructed) 3 pre 2010 . . . . 
Black Hawk Lake  1 In-lake (constructed) 2 pre 2011 . . . . 
Black Hawk Lake  1 In-lake (constructed) 1 pre 2012 -4.14 -2.22 2.06 -1.62 
Black Hawk Lake  1 In-lake (constructed) 1 post 2013 . . . . 
Black Hawk Lake  1 In-lake (constructed) 2 post 2014 . . . . 
Black Hawk Lake  1 In-lake (constructed) 3 post 2015 0.58 -1.82 0.88 0.48 
North Twin Lake 1 Reference 3 pre 2010 . . . . 
North Twin Lake 1 Reference 2 pre 2011 0.75 -0.29 -0.40 0.05 
North Twin Lake 1 Reference 1 pre 2012 1.36 -0.28 -0.40 -0.13 
North Twin Lake 1 Reference 1 post 2013 1.01 0.55 0.18 0.14 
North Twin Lake 1 Reference 2 post 2014 0.73 0.61 -0.23 0.12 
North Twin Lake 1 Reference 3 post 2015 0.02 0.48 0.42 0.13 
Briggs Woods Lake 2 Reference 3 pre 2008 . . . . 
Briggs Woods Lake 2 Reference 2 pre 2009 . . . . 
Briggs Woods Lake 2 Reference 1 pre 2010 0.10 -0.58 1.89 0.10 
Briggs Woods Lake 2 Reference 1 post 2012 . . . . 
Briggs Woods Lake 2 Reference 2 post 2013 . . . . 
Briggs Woods Lake 2 Reference 3 post 2014 -0.58 -0.22 3.50 -0.03 
Brushy Creek Lake 2 Watershed 3 pre 2007 . . . . 
Brushy Creek Lake 2 Watershed 2 pre 2009 . . . . 
Brushy Creek Lake 2 Watershed 1 pre 2010 . . . . 
Brushy Creek Lake 2 Watershed 1 post 2012 . . . . 
Brushy Creek Lake 2 Watershed 2 post 2013 . . . . 
Brushy Creek Lake 2 Watershed 3 post 2014 . . . . 
Carter Lake 3 In-lake (natural) 3 pre 2007 . . . . 
Carter Lake 3 In-lake (natural) 2 pre 2009 . . . . 
Carter Lake 3 In-lake (natural) 1 pre 2010 . . . . 
Carter Lake 3 In-lake (natural) 1 post 2011 . . . . 
Carter Lake 3 In-lake (natural) 2 post 2012 . . . . 
Carter Lake 3 In-lake (natural) 3 post 2013 1.29 1.15 -0.20 0.00 
Lake Manawa 3 Reference 3 pre 1998 . . . . 
Lake Manawa 3 Reference 2 pre 1999 . . . . 
Lake Manawa 3 Reference 1 pre 2000 . . . . 
Lake Manawa 3 Reference 1 post 2003 . . . . 
Lake Manawa 3 Reference 2 post 2004 . . . . 
Lake Manawa 3 Reference 3 post 2005 1.17 2.25 -0.02 0.13 
Cold Springs Lake 4 In-lake (constructed) 3 pre 2003 . . . . 
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APPENDIX E. continued 
 
Lake Block Treatment Status Year PC1 PC2 PC3 PC4 
Cold Springs Lake 4 In-lake (constructed) 2 pre 2004 . . . . 
Cold Springs Lake 4 In-lake (constructed) 1 pre 2005 . . . . 
Cold Springs Lake 4 In-lake (constructed) 1 post 2009 . . . . 
Cold Springs Lake 4 In-lake (constructed) 2 post 2010 . . . . 
Cold Springs Lake 4 In-lake (constructed) 3 post 2011 . . . . 
Mormon Trail Lake 4 Reference 3 pre 2003 0.35 -0.35 -0.50 0.30 
Mormon Trail Lake 4 Reference 2 pre 2004 0.49 0.89 -0.16 0.13 
Mormon Trail Lake 4 Reference 1 pre 2005 -0.98 1.71 0.44 0.59 
Mormon Trail Lake 4 Reference 1 post 2009 -0.71 0.77 -0.72 -5.33 
Mormon Trail Lake 4 Reference 2 post 2010 0.62 -0.63 -0.18 0.34 
Mormon Trail Lake 4 Reference 3 post 2011 -0.03 -0.84 -0.74 0.55 
Crystal Lake 5 In-lake (natural) 3 pre 2003 . . . . 
Crystal Lake 5 In-lake (natural) 2 pre 2004 . . . . 
Crystal Lake 5 In-lake (natural) 1 pre 2005 . . . . 
Crystal Lake 5 In-lake (natural) 1 post 2009 . . . . 
Crystal Lake 5 In-lake (natural) 2 post 2010 . . . . 
Crystal Lake 5 In-lake (natural) 3 post 2011 -2.07 -0.15 -1.14 0.08 
Five Island Lake 5 reference 3 pre 2003 . . . . 
Five Island Lake 5 Reference 2 pre 2004 . . . . 
Five Island Lake 5 Reference 1 pre 2005 . . . . 
Five Island Lake 5 Reference 1 post 2009 1.33 -0.39 -0.42 -0.13 
Five Island Lake 5 Reference 2 post 2010 1.34 -0.36 -0.40 -0.10 
Five Island Lake 5 Reference 3 post 2011 1.21 -0.68 -0.43 -0.09 
Diamond Lake 6 In-lake (constructed) 1 pre 2000 . . . . 
Diamond Lake 6 In-lake (constructed) 2 pre 2001 . . . . 
Diamond Lake 6 In-lake (constructed) 1 pre 2002 0.53 0.19 -0.23 0.18 
Diamond Lake 6 In-lake (constructed) 1 post 2004 . . . . 
Diamond Lake 6 In-lake (constructed) 2 post 2005 1.18 0.23 -0.24 0.26 
Diamond Lake 6 In-lake (constructed) 3 post 2006 0.31 1.17 -0.05 0.40 
Silver Lake (Dickinson) 6 Reference 3 pre 2000 . . . . 
Silver Lake (Dickinson) 6 Reference 2 pre 2001 . . . . 
Silver Lake (Dickinson) 6 Reference 1 pre 2002 . . . . 
Silver Lake (Dickinson) 6 Reference 1 post 2004 . . . . 
Silver Lake (Dickinson) 6 Reference 2 post 2005 . . . . 
Silver Lake (Dickinson) 6 Reference 3 post 2006 0.39 0.58 -0.18 0.18 
Don Williams 7 In-lake (constructed) 3 pre 2009 -0.82 1.15 -0.64 -5.69 
Don Williams 7 In-lake (constructed) 2 pre 2010 . . . . 
Don Williams 7 In-lake (constructed) 1 pre 2011 . . . . 
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APPENDIX E. continued 
 
Lake Block Treatment Status Year PC1 PC2 PC3 PC4 
Don Williams 7 In-lake (constructed) 1 post 2012 . . . . 
Don Williams 7 In-lake (constructed) 2 post 2013 . . . . 
Don Williams 7 In-lake (constructed) 3 post 2014 0.26 2.99 0.09 0.34 
Spring Lake 7 Reference 3 pre 2009 . . . . 
Spring Lake 7 Reference 2 pre 2010 . . . . 
Spring Lake 7 Reference 1 pre 2011 . . . . 
Spring Lake 7 Reference 1 post 2012 -0.70 -1.25 1.13 -0.49 
Spring Lake 7 Reference 2 post 2013 -2.92 -0.39 3.34 -0.17 
Spring Lake 7 Reference 3 post 2014 . . . . 
Green Valley Lake 8 In-lake (constructed) 3 pre 2004 . . . . 
Green Valley Lake 8 In-lake (constructed) 2 pre 2005 . . . . 
Green Valley Lake 8 In-lake (constructed) 1 pre 2006 . . . . 
Green Valley Lake 8 In-lake (constructed) 1 post 2011 . . . . 
Green Valley Lake 8 In-lake (constructed) 2 post 2012 1.40 -0.68 -0.46 -0.16 
Green Valley Lake 8 In-lake (constructed) 3 post 2013 . . . . 
Lake Orient GV 8 Reference 3 pre 2004 . . . . 
Lake Orient GV 8 Reference 2 pre 2005 -1.46 1.57 0.29 0.89 
Lake Orient GV 8 Reference 1 pre 2006 -1.63 1.11 -0.79 0.29 
Lake Orient GV 8 Reference 1 post 2011 0.46 3.15 0.18 0.35 
Lake Orient GV 8 Reference 2 post 2012 -3.52 -0.55 -2.19 0.59 
Lake Orient GV 8 Reference 3 post 2013 . . . . 
Lake Anita 9 In-lake (constructed) 3 pre 2000 . . . . 
Lake Anita 9 In-lake (constructed) 2 pre 2001 . . . . 
Lake Anita 9 In-lake (constructed) 1 pre 2002 . . . . 
Lake Anita 9 In-lake (constructed) 1 post 2006 . . . . 
Lake Anita 9 In-lake (constructed) 2 post 2007 . . . . 
Lake Anita 9 In-lake (constructed) 3 post 2009 . . . . 
Lake Orient AN 9 Reference 3 pre 2000 . . . . 
Lake Orient AN 9 Reference 2 pre 2001 . . . . 
Lake Orient AN 9 Reference 1 pre 2002 . . . . 
Lake Orient AN 9 Reference 1 post 2006 1.11 -0.46 -0.40 -0.09 
Lake Orient AN 9 Reference 2 post 2007 1.16 -1.14 -0.49 -0.14 
Lake Orient AN 9 Reference 3 post 2009 . . . . 
Lake Darling 10 Watershed 3 pre 2000 . . . . 
Lake Darling 10 Watershed 2 pre 2001 . . . . 
Lake Darling 10 Watershed 1 pre 2002 . . . . 
Lake Darling 10 Watershed 1 post 2005 . . . . 
Lake Darling 10 Watershed 2 post 2006 0.59 -0.55 -0.32 0.19 
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APPENDIX E. continued 
 
Lake Block Treatment Status Year PC1 PC2 PC3 PC4 
Lake Darling 10 Watershed 3 post 2007 . . . . 
Lake Keomah 10 Reference 3 pre 2000 . . . . 
Lake Keomah 10 Reference 2 pre 2001 . . . . 
Lake Keomah 10 Reference 1 pre 2002 . . . . 
Lake Keomah 10 Reference 1 post 2005 . . . . 
Lake Keomah 10 Reference 2 post 2006 -0.13 2.00 0.07 0.35 
Lake Keomah 10 Reference 3 post 2007 . . . . 
Lake Icaria 11 Both 3 pre 2001 . . . . 
Lake Icaria 11 Both 2 pre 2002 . . . . 
Lake Icaria 11 Both 1 pre 2003 0.59 -0.55 -0.32 0.19 
Lake Icaria 11 Both 1 post 2009 . . . . 
Lake Icaria 11 Both 2 post 2010 . . . . 
Lake Icaria 11 Both 3 post 2011 . . . . 
Lake Orient LI 11 Reference 3 pre 2000 . . . . 
Lake Orient LI 11 Reference 2 pre 2001 . . . . 
Lake Orient LI 11 Reference 1 pre 2002 . . . . 
Lake Orient LI 11 Reference 1 post 2009 0.59 -0.55 -0.32 0.19 
Lake Orient LI 11 Reference 2 post 2010 . . . . 
Lake Orient LI 11 Reference 3 post 2011 . . . . 
Lake of Three Fires 12 Both 3 pre 2004 . . . . 
Lake of Three Fires 12 Both 2 pre 2005 . . . . 
Lake of Three Fires 12 Both 1 pre 2006 . . . . 
Lake of Three Fires 12 Both 1 post 2010 0.30 1.29 0.17 0.28 
Lake of Three Fires 12 Both 2 post 2011 . . . . 
Lake of Three Fires 12 Both 3 post 2012 . . . . 
Windmill Lake 12 Reference 3 pre 2001 -2.20 0.02 0.15 1.75 
Windmill Lake 12 Reference 2 pre 2002 -3.85 0.45 -0.52 0.65 
Windmill Lake 12 Reference 1 pre 2003 0.58 -3.11 0.07 2.94 
Windmill Lake 12 Reference 1 post 2005 1.07 -1.39 -0.17 -0.12 
Windmill Lake 12 Reference 2 post 2009 0.38 -1.34 1.15 -0.02 
Windmill Lake 12 Reference 3 post 2010 . . . . 
Lake Miami 13 Reference 3 pre 2007 . . . . 
Lake Miami 13 Reference 2 pre 2009 . . . . 
Lake Miami 13 Reference 1 post 2011 . . . . 
Lake Miami 13 Reference 2 post 2012 . . . . 
Lake Miami 13 Reference 3 post 2013 . . . . 
Lake Wapello 13 In-lake (constructed) 3 pre 2004 . . . . 
Lake Wapello 13 In-lake (constructed) 2 pre 2005 . . . . 
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APPENDIX E. continued 
 
Lake Block Treatment Status Year PC1 PC2 PC3 PC4 
Lake Wapello 13 In-lake (constructed) 1 pre 2006 . . . . 
Lake Wapello 13 In-lake (constructed) 1 post 2010 1.13 0.96 -0.21 0.01 
Lake Wapello 13 In-lake (constructed) 2 post 2011 1.07 0.61 -0.25 -0.01 
Lake Wapello 13 In-lake (constructed) 3 post 2012 . . . . 
Little River Lake 14 Both 3 pre 2005 . . . . 
Little River Lake 14 Both 2 pre 2009 . . . . 
Little River Lake 14 Both 1 pre 2010 . . . . 
Little River Lake 14 Both 1 post 2013 . . . . 
Little River Lake 14 Both 2 post 2014 . . . . 
Little River Lake 14 Both 3 post 2015 . . . . 
West Lake (Osceola) LRL 14 Reference 3 pre 2005 . . . . 
West Lake (Osceola) LRL 14 Reference 2 pre 2009 . . . . 
West Lake (Osceola) LRL 14 Reference 1 pre 2010 . . . . 
West Lake (Osceola) LRL 14 Reference 1 post 2013 . . . . 
West Lake (Osceola) LRL 14 Reference 2 post 2014 -1.32 -2.22 4.04 -0.90 
West Lake (Osceola) LRL 14 Reference 3 post 2015 . . . . 
Little Wall Lake 15 In-lake (natural) 3 pre 2001 . . . . 
Little Wall Lake 15 In-lake (natural) 2 pre 2002 . . . . 
Little Wall Lake 15 In-lake (natural) 1 pre 2003 0.04 0.70 -0.14 0.21 
Little Wall Lake 15 In-lake (natural) 1 post 2005 1.42 -0.79 -0.47 -0.17 
Little Wall Lake 15 In-lake (natural) 2 post 2006 1.21 -0.40 -0.40 -0.11 
Little Wall Lake 15 In-lake (natural) 3 post 2007 0.88 0.02 -0.32 -0.02 
Union Grove Lake 15 Reference 3 pre 2001 . . . . 
Union Grove Lake 15 Reference 2 pre 2002 . . . . 
Union Grove Lake 15 Reference 1 pre 2003 . . . . 
Union Grove Lake 15 Reference 1 post 2005 0.44 0.14 0.03 0.47 
Union Grove Lake 15 Reference 2 post 2006 . . . . 
Union Grove Lake 15 Reference 3 post 2007 . . . . 
Lost Island Lake 16 In-lake (natural) 3 pre 2005 -3.73 0.06 1.26 0.57 
Lost Island Lake 16 In-lake (natural) 2 pre 2006 . . . . 
Lost Island Lake 16 In-lake (natural) 1 pre 2007 . . . . 
Lost Island Lake 16 In-lake (natural) 1 post 2013 -4.85 -1.37 -2.85 0.23 
Lost Island Lake 16 In-lake (natural) 2 post 2014 . . . . 
Lost Island Lake 16 In-lake (natural) 3 post 2015 -5.01 -2.04 -3.77 -0.04 
Lower Gar Lake 16 Reference 3 pre 2005 . . . . 
Lower Gar Lake 16 Reference 2 pre 2006 . . . . 
Lower Gar Lake 16 Reference 1 pre 2007 -2.31 1.78 1.14 1.04 
Lower Gar Lake 16 Reference 1 post 2013 2.22 -3.01 -0.75 -0.31 
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APPENDIX E. continued 
 
Lake Block Treatment Status Year PC1 PC2 PC3 PC4 
Lower Gar Lake 16 Reference 2 post 2014 1.37 -0.41 -0.42 -0.14 
Lower Gar Lake 16 Reference 3 post 2015 1.27 -0.44 -0.41 -0.12 
Greenfield Lake 17 Reference 3 pre 2004 . . . . 
Greenfield Lake 17 Reference 2 pre 2005 1.29 0.67 -0.27 -0.05 
Greenfield Lake 17 Reference 1 pre 2009 . . . . 
Greenfield Lake 17 Reference 1 post 2011 1.31 0.34 -0.32 -0.08 
Greenfield Lake 17 Reference 2 post 2012 . . . . 
Greenfield Lake 17 Reference 3 post 2013 . . . . 
Meadow Lake 17 Watershed 3 pre 2004 . . . . 
Meadow Lake 17 Watershed 2 pre 2005 . . . . 
Meadow Lake 17 Watershed 1 pre 2009 . . . . 
Meadow Lake 17 Watershed 1 post 2011 . . . . 
Meadow Lake 17 Watershed 2 post 2012 . . . . 
Meadow Lake 17 Watershed 3 post 2013 . . . . 
Littlefield Lake 18 Reference 3 pre 2005 . . . . 
Littlefield Lake 18 Reference 2 pre 2006 . . . . 
Littlefield Lake 18 Reference 1 pre 2007 . . . . 
Littlefield Lake 18 Reference 1 post 2013 . . . . 
Littlefield Lake 18 Reference 2 post 2014 . . . . 
Littlefield Lake 18 Reference 3 post 2015 . . . . 
Prairie Rose 18 Both 3 pre 2005 . . . . 
Prairie Rose 18 Both 2 pre 2006 . . . . 
Prairie Rose 18 Both 1 pre 2007 . . . . 
Prairie Rose 18 Both 1 post 2013 0.90 0.40 -0.15 -0.01 
Prairie Rose 18 Both 2 post 2014 -0.37 0.21 0.15 0.43 
Prairie Rose 18 Both 3 post 2015 -0.47 -0.84 0.64 -0.27 
Red Haw Lake 19 Watershed 3 pre 2011 . . . . 
Red Haw Lake 19 Watershed 2 pre 2012 . . . . 
Red Haw Lake 19 Watershed 1 pre 2013 . . . . 
Red Haw Lake 19 Watershed 1 post 2015 1.43 -1.57 -0.38 -0.28 
Red Haw Lake 19 Watershed 2 post 2016 0.72 -1.56 0.99 -0.53 
Red Haw Lake 19 Watershed 3 post 2017 1.08 -0.87 0.21 -0.33 
West Lake (Osceola) 19 Reference 3 pre 2011 . . . . 
West Lake (Osceola) 19 Reference 2 pre 2012 . . . . 
West Lake (Osceola) 19 Reference 1 pre 2013 . . . . 
West Lake (Osceola) 19 Reference 1 post 2015 . . . . 
West Lake (Osceola) 19 Reference 2 post 2016 . . . . 
West Lake (Osceola) 19 Reference 3 post 2017 . . . . 
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Lake Block Treatment Status Year PC1 PC2 PC3 PC4 
Three Mile Lake 20 Reference 3 pre 2002 . . . . 
Three Mile Lake 20 Reference 2 pre 2003 . . . . 
Three Mile Lake 20 Reference 1 pre 2004 . . . . 
Three Mile Lake 20 Reference 1 post 2009 . . . . 
Three Mile Lake 20 Reference 2 post 2010 2.22 -3.01 -0.75 -0.31 
Three Mile Lake 20 Reference 3 post 2011 0.58 -0.21 -0.05 0.19 
Twelve Mile Creek Lake 20 In-lake (constructed) 3 pre 2002 0.63 1.51 0.05 0.15 
Twelve Mile Creek Lake 20 In-lake (constructed) 2 pre 2003 0.46 0.46 0.23 -0.06 
Twelve Mile Creek Lake 20 In-lake (constructed) 1 pre 2004 -0.52 1.00 0.14 0.31 
Twelve Mile Creek Lake 20 In-lake (constructed) 1 post 2009 0.40 0.32 -0.15 0.13 
Twelve Mile Creek Lake 20 In-lake (constructed) 2 post 2010 . . . . 
Twelve Mile Creek Lake 20 In-lake (constructed) 3 post 2011 . . . . 
Lake Orient VL 21 Reference 3 pre 2003 . . . . 
Lake Orient VL 21 Reference 2 pre 2004 . . . . 
Lake Orient VL 21 Reference 1 pre 2005 -0.27 1.24 0.12 0.26 
Lake Orient VL 21 Reference 1 post 2007 -0.52 1.00 0.14 0.31 
Lake Orient VL 21 Reference 2 post 2009 -0.17 0.52 0.63 -0.03 
Lake Orient VL 21 Reference 3 post 2010 0.40 0.32 -0.15 0.13 
Viking Lake 21 Both 3 pre 2003 . . . . 
Viking Lake 21 Both 2 pre 2004 . . . . 
Viking Lake 21 Both 1 pre 2005 . . . . 
Viking Lake 21 Both 1 post 2007 . . . . 
Viking Lake 21 Both 2 post 2009 0.33 1.53 -0.22 0.14 
Viking Lake 21 Both 3 post 2010 -0.77 1.38 -0.10 0.36 
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APPENDIX F 
BLUEGILL POPULATION CHARACTERISTICS  
Catch-per-unit-effort (CPUE), relative weight (Wr), and proportional size distribution (PSD) of 
Bluegill captured with electrofishing in 50 Iowa lakes. 
Lake (year of survey) BLG CPUE BLG Wr BLG PSD 
Arrowhead Lake 27 119 82 
Badger Creek Lake 53 117 53 
Beaver Lake 37 105 17 
Beeds Lake 33 91 36 
Big Creek Lake 2 100 33 
Black Hawk Lake 17 110 38 
Briggs Woods Lake 33 101 0 
Center Lake 5 118 100 
DeSoto Bend 30 115 55 
Easter Lake 33 113 38 
Eldred Sherwood Lake 59 114 91 
Fogle Lake S.W.A. 32 121 41 
George Wyth Lake 96 106 20 
Green Belt Lake 16 105 42 
Greenfield Lake 75 107 100 
Hannen Lake 23 119 96 
Hickory Grove Lake 17 102 57 
Kent Park Lake 0 . 0 
Lake Ahquabi 21 110 36 
Lake Anita 43 103 45 
Lake Cornelia 39 130 89 
Lake Geode 66 95 27 
Lake Hendricks 32 114 6 
Lake Keomah 51 119 55 
Lake Meyer 53 111 38 
Lake of Three Fires 39 112 43 
Lake Orient 13 115 10 
Lake Pahoja 37 102 88 
Lake Smith 10 94 29 
Lost Island Lake 0 . 0 
Lower Pine Lake 80 98 52 
Mariposa Lake 64 100 88 
Meyers Lake 0 . 0 
Mormon Trail Lake 113 107 81 
Nine Eagles Lake 27 101 57 
Nodaway Lake 21 105 67 
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APPENDIX F. continued 
 
Lake (year of survey) BLG CPUE BLG Wr BLG PSD 
Oldham Lake 75 104 46 
Otter Creek Lake 37 102 45 
Pleasant Creek Lake 27 104 57 
Pollmiller Park Lake 60 95 10 
Red Haw Lake 55 102 45 
Roberts Creek Lake 4 108 20 
Silver Lake (Delaware) 32 123 84 
Silver Lake (Dickinson) 4 98 100 
Slip Bluff Lake 44 102 50 
Springbrook Lake 62 101 64 
Thayer Lake 96 118 54 
Three Mile Lake 41 107 58 
West Lake (Osceola) 57 106 68 
Willow Lake 5 97 25 
 
 
